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Get the full story on Jamesbury Corp.’s complete line of “Double- 
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all the facts‘on materials, sizes, etc. They are yours for the asking: the 
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New, tri-dimensional packaging and interconnecting of modern 
electronic functions. 


Here is simplicity from start to finish . . . the most complicated 
designs worked out on AMP-MECA’s graph layout sheets in hours 
rather than days or weeks . . . finished modular construction that’s 


V é ‘) U SY °T “building-block” easy . . . extreme reliability and complete resist- 
Bw \ A | ance to shock and vibration. 
¥ 2 , 
~ 2 @ Electronic functions are encapsulated for com- 


i | ivisn len  @%™  Plete throw away or functions are assembled in 

open base cells for individual component re- 

placement. Easily replaced, pluggable AMP-Cells work independ- 

W : T H ently of or in harness with each other when programmed into AMP's 
3-D circuit boards. 


' ' = Oe Lh Available in 0.1” or 0.2” grid systems, AMP-MECA offers tri-dimen- 
sional flexibility—cells can be made larger or smaller—stacked, 
spread or lined-up in unlimited scope to accommodate your design 
needs. And production can be set up to fit your goals . . . by hand, 
or by programmed automation. 


Learn how AMP-MECA can make it simple for you. Send for the full 


story on simplified interconnection of circuit functions and infor- 
mation on prototype assembly kits. 
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Visit us at the WESCON Show, August 23-26, Booths 2001-2003. 


INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England-e France e Holland « italy « Japan e West Germany 
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RAFT & MISS 


APPLIED ENGINEERING FOR THE AEROSPACE INDUSTRIES 


Features 


PAGE 


1/ Minuteman In The Making 


First-stage development at Thiokol—Utah geared around mobility; 
Intent to evolve on-site casting techniques apparent 


2| JPL's Plan To Explore Space 


Ranger research vehicle seen as bus 
hauling scientific passengers" to Moon, Mars, Venus 


26 Autonetics Machine Shop 


Management feels production quality is increased 
by exposing workers to prototype tolerances and techniques 


28 Guide To Lower Costs 


How much would you spend to save a pound of weight? 
Don't add extra weight by specifying loose tolerances 


43 Vicious Procurement Practices ... ? DOD Talks Back 


Director for Procurement Policy 
counters industry charges of "unfair" practices 


46 NASA's Project Echo 


Passive satellite tests directed at studying feasibility 
of larger inflatable structures 


48 Numerical Control Gaining 


Boeing offers industry special services 
Chandler-Evans goes to tape—Aeronca uses punch cards 


54 ” Work-Horse Of The Satellites 


Discoverer program aims to test basic satellite functions: 
orbit injection, stabilization, auxiliary power, command, recovery 


62 Dart-Shaped Satellite 


Strikes compromise between large heat-dissipating shape 
and dictates of compactness to reduce launching complexity 
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THE COVER STORY 


Latest of the ICBM breed is Minuteman, 
a solid-propellant, three-stage, steel bird. 
Minuteman's first stage is born at Thiokol- 
Utah where motor cases of Ladish D6-AC 
are filled with polybutadiene acrylic acid, 
and cured in underground pits. "Incubo- 
tion" period can be controlled by varying 
amount of heat in the "nest." See page 17. 
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“Inspected and 
Approved” is 
the symbol you 
need for work identification; heat 
treat; grade; codes; dates; analysis; 
tests; and inspection. You can speed 
production, too, with a controlled 
system. 


Here's how to 


Issue your work inspec- 
tors a steel indenting 
stamp (available in series 
and symbols as well as 
trade-marks) and _ its 
matching acid-resisting 
etching stamp. A system 
can be set up especially 
for your needs. 


INSPECTION GUN © 


Light-weight, portable blasting gun 
employs fine abrasive and rubber 
mask to produce a stress-free mark 
on surfaces which are highly pol- 
ished or machined. Marks in 1/2 
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Cc haere pil? systems 


a ility 


and spacecraft... 


e: Us 


AIRESEARCH designs, develops, 
manufactures and tests a complete line 
of cryogenic valves and controls in indi- 
vidual packages or complete systems for 
missiles, space vehicles and related 
ground support equipment. 

The superior reliability of AiResearch 
cryogenic systems and components is 
backed up by more than 20 years of 
experience as the largest producer of 
valves and controls in the aircraft and 
missile industries. This capability in- 
cludes liquid and gaseous fuel 


for missiles 


and oxidizer components and systems 
operating at temperatures ranging from 
—420°F. to more than 2000°F. 

AiResearch leadership in all of these 
fields is supported by the most complete 
cryogenic testing and manufacturing 
facilities available. All AiResearch mis- 
sile components are designed and quali- 
fied to meet or exceed requirements of 
military specifications. 

Inquiries should be directed to Con- 
trol Systems, AiResearch Phoenix 

Division. 


RE DIESEL LE OO 


1. Airborne pressure regulator and 
shutoff valves for propellant tank. 


2. Airborne check valves. 

3. Ground-to-missile fill and drain sys- 
tems for fuels and oxidizers. 

4. Airborne pressure relief regulator 
and vent valves for propellant tank. 

Ss. Airborne turbo-pump speed sensors. 
6. Airborne liquid propellant shutoff 
valves. 

7. Ground support pressure regulator 
and shutoff valves. 


THE (-7.\" i i343 CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
Systems and Components for: aAiRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Now It's Your Turn for Greatness 


Two months of soul-searching days lie ahead. 
Then, on the eighth day of November, we shall 
be called upon to make a choice—a choice that 
will effect our destiny and ultimately that of the 
world. 

Everyone must turn aside personal prejudices 
and petty grievances. Man, prone to human error, 
must make no error. 

Four men have been placed before us for the 
two highest offices this country offers. The choice 
of men is ours. These men will make statements 
and counter-statements. Let us pray that facts 
are not bloodied in a war of words. Some promises 
have been made. Bigger and better ones are bound 
to come. Will they be kept? Should all of them 
be kept? Many such questions will rest heavily 
in the minds of men. 

Each word, spoken and written, during the 
political battle, should be weighed carefully. No 
item should be considered too small to gloss over. 
This is more than an issue between rival parties. 
This is your issue. You are the judge, jury, and 
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the one who will bear the verdict. 

We are selecting men who must do more than 
bear sword in these crucial times. Our presiden- 
tial team must be mighty with words, sincere and 
firm in their beliefs with a passion for freedom and 
a love for mankind. As though this were not 
enough, they must have personal dignity beyond 
the stature of any man; they must be highly capa- 
ble of meeting attacks from within and without; 
they must possess that unique leadership quality 
of uniting all of us toward a common goal, re- 
gardless of our sociological and economic philos- 
ophies. 

The heavy responsibility resting on the Amer- 


ican public is awe inspiring. 


Let’s pledge ourselves not to shirk our duty. 
Let us vote and use the privilege with intelligence 
and wisdom. 


In all humility, let’s try by all the powers we 
possess to have that greatness which will make 
these United States truly great in the years ahead. 


| om ac /lLa 
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Those Vicious, Vicious Practices 


... Your June issue .. . outlines 
that reprints of various articles can 
be ordered . .. Please send two copies 
of the article appearing on pages 24 
through 26 written by Mr. Scott of 
The Garrett Corporation. This ar- 
ticle is of great interest to us and 
will complete our files documenting a 
study we have been making for some 
time in this connection. 


Richard R. Brant 
Contracts Administrator 
Rosemont Engineering 


. Several of us here in Contracts 
Administration have read Mr. Den- 
ham Scott’s article entitled “Vicious 
Procurement Practices in DOD.” His 
remarks are indeed most timely. We 
note that you offer reprints . .. and 
we would certainly appreciate re- 
ceiving a half dozen for distribution 
to our own people. Please let us 


Reader's Orbit 


know if there is any charge for 
this service. Thank you very riuch. 


David J. Schultz 
Project Manager 
North Electric Co. 


We have served up a phenomenal 
850 reprints of this article to readers. 
The second print order is near de- 
pletion. In this issue look for “DOD 
Talks Back,” an interesting rebuttal 
to Mr. Scott’s stinging article. 


Never, Never, Never 


. . . We were amazed to read your 
special staff report on the Vickers 
VC 10 in the July issue, containing 
as it did some completely erroneous 
information on the Boeing 707. In 
discussing the advantages of stiff 
wing structure the statement is made 
that “a form of control reversal has 
been listed as a trait in the Boeing 


707 in some slow-speed flight re- 
gimes. This condition has been sug- 
gested as a contributing cause in one 
accident.” 

Naturally this statement is of con- 
siderable interest to us at Boeing, 
and we wish to make it quite clear 
that the 707 has never experienced 
control reversal problems. I would 
suggest that your staff contact the 
company concerned before making 
such statements about its products. 


Gordon S. Williams 

Public Relations Manager 
Transport Division 

Boeing Airplane 


The Boeing 707-120 has experienced 
some unusual control responses dur- 
ing two engine flight, especially when 
the two engines not operating are on 
the same side. It is technically in- 
correct to refer to these responses as 
“control reversal.” During the in- 
vestigation of a 707-120 crash which 
occurred at Peconic River Airport, 
Calverton, Long Island, the ma- 
neuver which resulted from this un- 
usual control response was discussed 
at length. It has been the subject 
of a great deal of study and in pilot 
training on the 707 is more properly 
called a yaw roll. 


SPEED 
SENSITIVE | 
SWITCHES | 


That can be furnished to trip at 
any given speed between 300 
and 6000 R.P.M. 

These switches have single pole, 
double throw, snap-acting con- 
tacts rated for 10 Amps at 115 
V.A.C. A variety of dust covers 
connectors are 
available if exposed terminals 
are undesired. 


and electrical 


HW sy 3 


SYNCHR 


8151 N. RIDGEWAY AVENUE 
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O-START PRODUCTS, 


~ TTT 
BARBER 
COLMAN 


INC. 


SKOKIE, ILL. 


Aircraft & Missiles « 


| =e Impressor 


PORTABLE HARDNESS TESTER 
@ Rapid testing—no setup 
@ Easy to carry and use 

@ Needs only space for hand 


A portable hardness tester for aluminum alloys, soft metals, 

and plastics, the Barber-Colman Impressor is designed for 

fabricated parts and raw stock testing. Operating experience 

is not essential. The reading is instantly indicated on the 

convenient dial. No waiting, preloading, or separate meas- 

urements. Barber-Colman engineers will gladly recommend 
| the most suitable model for your application. Write today 
for complete details. 


 BARBER-COLMAN COMPANY 
| Dept. |, 12109 Rock Street, Rockford, Illinois 
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Here are the savings achieved in this Dynapak Application: 


@ MATERIAL: 60% 

@ TOOLING: 50% of the cost of conventional forging dies 

@ MACHINING: Reduced by more than 50% due to forging 
tolerances of % in. and elimination of draft angle. 
PLUS 

@ PRODUCTION RATES: 70-80 per hour 


e SUPERIOR PHYSICAL CHARACTERISTICS: Greater 
strength, uniform and controllable work-hardening, Grain 
Size No. 11. 


Dynapak, industry's first operational high-energy-rate 
machine tool, offers a breakthrough in metalworking’s 
long-sought goal to produce forgings that can be used 
with little or no machining. This flange is just one of many 
forgings now being produced commercially by Dynapak. 
For complete information regarding application of pneu- 


matically-energized Dynapak in your forging, extrusion, 


forming, or compaction operations, write, wire, or phone: 
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CONVAIR / A DIVISION OF GENERAL DYNAMICS CORPORATION 


1243 Transit Avenue, Pomona, California « Telephone: NAtional 3-1561 
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IMAGINATION IN SPACE 


Since Creation, man has looked out on space. At first, unknowing and incurious; 
then with the beginnings of understanding; now free and able to explore. Yet to move in space 
calls for wholly new concepts of energy. 

This, then, is the working philosophy of Hercules in chemical propulsion: To design 
and manufacture highly concentrated packages of energy as propellants and rocket motors; each 
compatible, controllable, predictable; and each perfected for its specific mission. 

HERCULES’ BACKGROUND: A half-century of creative imagination in the evolution of propellants, 
from shotgun powder to the manufacture of the propellants for all the U.S. rockets fired during 
World War II, and now to space propulsion. Hercules facilities today encompass research, design, engineering, 
and staff organization for the production of the most advanced propellants. Brochure available on request. 


Jet propulsion was envisioned as early as 1847 in this 


design for a rocket plane by Werner von Siemens of Germany. 
The explosive force of gun cotton was to be used as the source 


of power. In another of his wood engravings, Brussel-Smith 
recreates the details of this striking design. 


HERCULES POWDER COMPANY 


mcornPoraten 


900 Market Street, Wilmington 99, Delaware 


xPS59-5 
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September 5-11 

1960 Farnborough Display 
Society of British Aircraft 
Constructors 

Farnborough, England 


September 6-16 

The Machine Tool Exposition—1964 
National Machine Tool Builders’ Asso. 
International Amphitheatre, Chicago 
(Production Engineering Show wil! 
run concurrently on Navy Pier) 


September 7-9 

Joint Automatic Control Conference 
The American Society of Mechanical 
Engineers, 

Instrument Society of America, 
American Institute of Electrical 
Engineers, 

American Institute of Chemical 
Engineers, 

Institute of Radio Engineers 

MIT, Cambridge, Mass. 


September 12-16 

Second International Congress 
International Council of the Aero- 
nautical Sciences 

Zurich, Switzerland 


September 19-22 
National Symposium on Space 
Electronics and Telemetry 


Institute of Radio Engineers 
Shoreham Hotel, Washington, D. C. 


September 27-30 


Space Power Systems Conference 
American Rocket Society, Air Force, 
Army, Navy, NASA, ARPA, AEC, 
Miramar Hotel, Santa Monica, Calif. 


October 10-12 


National Electronics Conference 
Hotel Sherman, Chicago, Ill. 


October 10-14 

National Aeronautic Meeting 
Society of Automotive Engineers 
Ambassador Hotel, Los Angeles 


October 17-21 

42nd National Metal Congress and 
Exposition 

American Society for Metals 

Trade and Convention Center. Phila. 
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Photos: Douglas- 
Air Force Thor IRBM., 


..when you need ail at 


1.SWIVEL MOTION 
2. GIMBAL MOTION 


enero anne 


Provision for 
3. THERMAL CONTRACTION 


and Expansion in Fluid Lines 


4. ACCURATE ALIGNMENT 
of Piping 


oe ae wee 5 * 


...in Missile 
Fueling Lines 


Fluid lines for fueling missiles present complex problems. Barco 
Flexible Ball Joints solve these problems because ONLY BARCO 
can give you gimbal motion combined with swivel motion in hook-ups 
that allow for thermal contraction or expansion and still permit precise 
positioning of lines. 


Barco joints are approved for missile service. They are used in lines 
conveying fluid fuels and oxidizers, including liquid oxygen, white 
fuming and red fuming nitric acid, and hydrogen peroxide. Your 
choice of sizes, styles, and types to meet current project requirements. 


Barco engineers can give you assistance and time saving recom- 
mendations based on detailed experience with almost all significant 
projects since the beginning. Barco is a dependable source of supply, 


also offering possibilities for MINIMUM COST. Check with Barco— 
IT PAYS! 


SEND FOR LITERATURE 


CATALOG 233A —"Flexible Ball 
Joints for Handling Liquid 
Oxygen and Missile Fuels.” 

CATALOG 2698 —"“Piane and 

Self-Aligning Swivel Joints ; ; ab eis 

for Hydraulic Service.” ies aaah 


FLEXIBILITY FOR METAL PIPING 
Serving Industry Since 1908 


BARCO 


MANUFACTURING CO, 
565K Hough Street 
Barrington, Illinois 
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BENDIX STARTER-GENERATOR PROVIDES 
“KICK” AND POWER FOR U. S. ARMY’S NEW “MOHAWK” 


One of the largest aircraft ever to 
enter Army service, the Grumman 
AO-1 ‘“‘Mohawk”’ has all-weather, 
day or night observation capabilities. 

The ‘‘ Mohawk’s”’ electrical sys- 
tem includes two Bendix starter- 
generators and regulators. During 
engine starting, the units operate as 
high torque electric motors, with 
power supplied externally. As the 
engine ignites, the units auto- 
matically shift from starter to 
generator function. 


GENERAL PRODUCTS DEPARTMENT 


These Bendix starter-generators 
are rated at 30V., 400 amps, with a 
speed range of 4,000-8,000 RPM, 
and meet MIL-G-6162. They are 
available with a variety of air 
spouts and have accommodations 
for QAD mounting. 

This versatile package, combin- 
ing starting and power generating 
functions, is another example of 
Bendix ability in delivering power 
requirements. Get further details 
from RED BANK GENERAL PRODUCTS 
DEPARTMENT. 


sic 


Bendix Red Bank 30837 storter-generator supplies 
65 Ib. ft. of starting torque ot 1400 RPM. It is 
dependable, compact, and weighs only 53 Ibs. 


Med Bonk’ Division 


EATONTOWN, NEW JERSEY 


West Coast Office: 117 E. Providencia, Burbank, Calif. 
Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 
Canadian Affilicte: Aviation Electric, Ltd., P. O. Box 6102, Montreal, Quebec 
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Data Capsule i~< 


SUMMARY OF MANAGEMENT TRENDS AND TECHNICAL DEVELOPMENTS 
IN THE AEROSPACE INDUSTRIES 


MISSILES AND SPACE VEHICLES 
Design 


MARK 6 re-entry vehicle will carry 
heaviest ICBM payload yet devised. It 
will be used with Titan II, and will be 
of ablating materials. 

EXPERIMENTAL ENGINE at Rocketdyne 
eliminates separate gas generator. Main 
thrust is tapped to obtain hot gasses 
to drive the turbopump. 

GAS GENERATOR driving turbopump 
System is eliminated in modified Rocket- 
dyne MA-2 engine. Tests are part of ex- 
perimental engine simplification pro- 
gram. Liquid-fuel turbopump uses solid 
propellant spinner to start, then 
switches to hot gases from thrust 
chamber. Aerojet General reports work on 
Similar system. 

RCA TRACKING SENSORS at opposite 
ends of balloon are major difference be- 
tween first and second Project Echo 
experiments. 


Development 


DOUGLAS AIRCRAFT now has full 
authority to develop the S-1V stage for 
Saturn. NASA contract authorizes firm 
to develop and build 10 S-l1V's at its 
Santa Monica Div. 

SECOND MERCURY SHOT at Canaveral 
may come this month. This will probably 
carry several items omitted from July's 
unsuccessful MA=1 (Mercury Atlas One) 
flight test. This test included over 200 
lb. of instrumentation to monitor a 
severe mission abort--but it lacked en- 
vironmental control system and stabili- 
zation jets. 

CORVUS PROGRAM is being termi- 
nated. It was being developed for the 
Navy by Temco Electronics & Missiles 
Co. (Formerly Temco Aircraft.) 
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1500 MILE POLARIS is to be flight 
tested this year. 1200 mile motors are 
in quantity production at Aeroject Gen- 
eral. Company is developing swivel 
nozzles for missile. The Navy meanwhile 
wants to start work on a 2500-mile- 
range Polaris. 

PERSHING SECOND STAGE will soon 
be ignited in flight in tests at 
Canaveral. 

MARTIN AND LOCKHEED will conduct 
separate six month "paper" studies for 
NASA on requirements of a nuclear rocket 
flight test program. First flight is 
planned for 1965. 

ICBM SITE ACTIVATION is now under 
sole management of the Air Material 
Command. ARDC gets out of this area to 
concentrate on missile development. 

LOW TEMPERATURE VALVES on Rocket- 
dyne's Bravo 2 test stand weigh 6500 
lbs. and can withstand 600 psi. They 
allow propellants to flow to the F-1 
engine turbopump at the rate of three 
tons per second. 

RADIATION EFFECTS on components 
for nuclear-propelled vehicles will be 
studied in a research facility to be 
set up at Convair-San Diego. Radiation 
source will be an improved three-mil- 
lion-volt electron/ion accelerator. 


Production 


NEW CASTING TECHNIQUE reduces 


grain size of refractory metals, thus 
improving working characteristics. 
Method combines electron-beam processing 
and critical composition control. It 

was recently announced by Stauffer- 
Temescal Co. 


IMPROVED FABRICATION METHODS are 
expected to allow large scale production 
of solar cells approaching 15 per cent 
efficiency. 
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EXPLOSIVE FORMING of end closures 
for Polaris solid propellant rocket 
chambers is now a production process at 
Aerojet-General's Chino Hills Lab. 


Procurement 


NASA PROCUREMENT this decade will 
total between $12-billion and $15-bil- 
lion, according to present plans. 

ASTRONOMICAL OBSERVATORY PROGRAM 
soon starts new procurement concept: 
Standardized satellites. Basic satellite 
System will be kept "in stock" instead 
of being custom-made for each experi- 
ment. Specs will cover basic structure, 
power supply, telemetry. 


: AIRCRAFT 
Design 

NUCLEAR AIRCRAFT design concep- 
tions were released by the Air Force 
and Convair-Fort Worth after long delay. 
Drawings show swept-wing, canard-type 
planes with assembly of jet-like engines 
in tail. Vertical stabilizer-rudder 
assembly is at each wing tip. Horizontal 
stabilizer-elevator surfaces are placed 
far forward on fuselage. 

NEW BUSINESS PLANE is planned by 
Cessna. Firm says it will represent "a 
basic new approach to twin-engine air- 
craft." Cessna hopes to have it on the 
commercial market in 1962. 

BOUNDARY LAYER CONTROL RESEARCH at 
Northrop Corp. will explore three-di- 
mensional effect of a large chord wing. 
Under new ARDC contract, Northrop will 
also study interference of fuselage 
wing and strut-wing. 

FIAT 7002 HELICOPTER, now under- 
going tethered tests outside Turin, 
Italy, uses a Fiat 4700 engine to supply 
compressed air jets at rotor tips. Fuel 
tanks are fitted to the roof just below 
the rotor and near its axis. 

J85 FOR VTOL? General Electric 
says a dry (non-afterburning) J85 lift 
engine with 9-to-l thrust-to-weight 
ratio can be assembled from current 
production hardware. It would reportedly 
deliver over 2700 1b thrust. In WADD 
tests, J85's were run in both vertical 
and horizontal positions and during 
transition. 

G.E.'s J93 MACH 3 cruise engine 
for B-70 is based largely on J79. Engine 
includes variable stator compressor, 
single shaft, and converging-diverging 
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exhaust nozzle. Materials in engine use 
include new high temp alloys. Honeycomb 
structure used in some areas. 


Development 


RYAN VERTIPLANE is being rebuilt 
for NASA. Flight tests will resume at 
Moffett Field where the V/STOL craft 
made 21 successful flights before crash- 
ing last February. 

J85-5 TURBOJET is now undergoing 
flight evaluation in an instrumented 
T-38 trainer. 

LOW LEVEL APPROACH for B-52's is 
being developed at Boeing Wichita and 
SAC with special study of air turbulence 
effects below 1000 ft. 

ESCAPE CAPSULE DEVELOPMENT at 
Chance Vought now has an electrical sys- 
tem for initiating escape. Greater 
reliability led to system being chosen 
over cartridge-actuated gas pressure 
and mild detonating fuse methods. It 
would eject entire cockpit. 

EXPERIMENTAL UNDERWATER STORAGE 
TANKS recently installed by Firestone in 
Gulf of Mexico near St. Petersburg, 
Fla., are made of nylon-reinforced rub- 
ber. May be fore-runner of strategically 
located underwater fuel and supply dumps 
around the world. 


Production 


CARAVELLE VII will be manufactured 
in the U. S. by Douglas. Production is 
Slated to begin late in 1962. Plane's 
twin Avon engines are being replaced 
by CJ-805-23 aft-fans to increase range 
40 per cent. 

PICCHIO, a four place personal and 
liaison aircraft, is slated for large- 
scale production next year at Procaer's 
Milan plant. 

FIRST B-52H is due to roll from 
the assembly line at Boeing-Wichita this 
fall. 

269A HELICOPTER production line is 
being set up at the Culver City plant 
of Hughes Tool Co. 

LYCOMING has received the first 
production contract for the 2200 shp 
T55-L-5 which will power the Chinook. 


Procurement 


OVER $600-MILLION is slated to be 
spent on total of 120 Missileer planes 


in the next few years. 
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The Budget As A Barometer— 
Rising, Rising, Rising 

Look for a boost in aerospace spending this fall as 
a result of congressional action on the defense budget. 
New obligational authority is $40,326,108, or $677,- 
108,000 over the President’s request. Practically all 
of the boost provided by Congress is directed to aero- 
space. 

Navy received an increase of $309,392,000 over 
the President’s request, Army $22,985,000, Air Force 
$160,756,000. DOD funds were cut $16,025,000. 

Navy money will go primarily to Polaris subma- 
rines; Air Force money to B-70 (45 will be built by 
1966 under present plans), F-106 interceptors, an air- 
borne alert, and the Samos satellite. Army money will 
go to general equipment modernization. 

Some Reluctance—The administration has hinted 
at a reluctance to spend this extra money. It prefers 
to think that the original estimate was entirely ade- 
quate to provide for any and all defense needs. But, 
now that the money has been appropriated, pressures 
from the services, Congress, and aerospace interests 
are almost certain to jar some of the money loose from 
its tight fisted custodians. 

If, by some remote chance, this does not happen, 
the new administration will find the defense till with 
some spare change. Both parties’ candidates have 
pledged themselves to a bigger, better aerospace effort. 
The stand of the Democrats appears more positive. 
Since the extra funds were made available by a Demo- 
cratic Congress, it seems unlikely this party would al- 
low any funds to remain idle if they gained control 
of the executive branch. 

The Aerospace Market—With the new increase, 
the aerospace market for fiscal 1961 is certain to top 
$14 billion. This is what the services have available 
in aerospace related areas. Increases or decreases are 
compared to the original Budget request. 


Air Force Total Change 
Aircraft Procure- 
ment $3,251,449,000 +$275,449,000 


Missile Procurement $2,615,120,000 —$408,880,000 
Research, Develop- 
ment Test and 


Evaluation $1,552,863,000 + $218,863,000 
Airlift 
Modernization $ 310,788,000 + $310,788,000 
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Navy Total Change 
Aircraft and 

Missiles $2,141,760,000 +$ 28,760,000 
Ship Building and 

Conversion $2,316,360,000 + $284,360,000 


Research Develop- 
ment Test and 


Evaluation $1,218,624,000 +$ 49,624,000 

Army Total Change 
Equipment & 

Missiles $1,495,352,000 + $158,352,000 


Research, Develop- 
ment Testing and 
Evaluation $1,041,286,000 $ 414,000 

Significance of Changes—One of the most signifi- 
cant facts to note in the budget gymnastics is that Con- 
gress recognized a big hole in aircraft funding. A new 
budget category “airlift modernization” was created for 
Air Force. This drew about $310 million and was the 
top increase for a single category. Air Force drew an 
additional $275 million for aircraft procurement of 
other types. Navy’s increase of $28 million for aircraft 
and missile procurement is too tangled to dig out indi- 
vidual gains. 

The Military Air Transport System (MATS) has 
been long past due for an overhaul. Creating a new 
budget category for this could establish a trend that 
would see MATS take on a jet and VTOL capability. 

Overall Budget and Trends—Though aircraft pro- 
curement is still high in total dollars, the bomber and 
interceptor are rapidly losing ground. The premature 
prediction of many that missile spending would out- 
strip aircraft in the late 50’s will finally happen in 
the early 60’s. But, manned space probes are predicted 
before the end of the fiscal year; and engineering ad- 
vances in aircraft, with man in the system, will carry 
over into spacecraft development. Space exploration 
will be a $900 million business in fiscal 1961. But it 
will grow like Topsy. In five years it will triple to a 
$3 billion business. Aircraft spending will shrink from 
$6 billion to $3 billion in the same period. 

There are no funds for B-58 Hustler procurement, 
beyond 1961. Boeing’s B-52’s are on order through 
1962. Republic’s F-105 and Convair’s F-106 are the 
only “fighter” configurations in the Air Force funding 
plans. Navy will quietly stock up its aircraft carriers 
with McDonnell’s F4H, NAA’s A3J and Grumman’s 
A2F and W2F for the lower, slower missions. 
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The Aerospace 
Bivesnes> 


Business Moves 


Cessna Aircraft Co. now has a 
marketing div. which will handle 
new commercial aircraft products 
under development. 


Bell Aerospace Corp. is now 
operating as subsidiary of Textron 
Inc. Bell Aerospace is composed 
of Bell Aerosystems Co. (formerly 
Bell Aircraft’s Niagara Frontier 
Div.); Bell Helicopter Co. (formerly 
Bell Helicopter Corp.); and Hy- 
draulic Research and Manufactur- 
ing Co. 


Teldix is new German firm es- 
tablished by The Bendix Corp. and 
Telefunken G.m.b.H. It will handle 
aircraft systems and equipment. 


Fluorocarbon Co. moves to a 


new plant in Anaheim, Calif. this 
month. 


Adams-Rite Manufacturing Co. 
recently acquired exclusive license 
to manufacture new self-locking 
control mechanisms. 


Hi-Shear Corp. is new name of 
former Hi-Shear Rivet Tool Co., 
Torrance, Calif., fastener manufac- 
turer. 


Avien Inc. has officially ac- 
quired Electrol Inc., landing gear 
manufacturing firm. 


Industrial Technological Asso- 
ciates, Cleveland, is developing a 
guide for the transportation and 
storage of all Navy missiles. Firm 
is tripling the area occupied by its 
engineering and technical staff. 


Facilities 
Aeronutronic, div. of Ford 
Motor Co., is building a 120,000 sq 
ft building at Newport Beach, Calif. 
for its Tactical Weapon Systems 
Operations. This group is develop- 
ing the Shillelagh missile. 


General Electric starts construc- 
tion this month in Waterford, N. Y. 
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on $3-million plant for manufac- 
turing basic silicone intermediate 
chemicals. 


The Brush Beryllium Co. has 
opened a West Coast plant in Hay- 
ward, Calif. It will supply machined 
beryllium components to the aero- 
space and nuclear industries. 


Chromalloy Corp. has moved 
into a 43,000 sq ft plant in West 
Nyack, N. Y. 


Telerad Manufacturing Corp. 
has expanded into a 20,000 sq ft 
building adjacent to its plant in 
Flemington, N. J. 


Lockheed Electronics Co. is 
now occupying a “Systems Re- 
search Center” in Bedminster 
Township, N. J. Work here will 
include study programs on ad- 
vanced areospace concepts. 


Perkin Elmer Corp.’s Vernistat 
Div. now has a facility in Los An- 
geles for sales in the West. 


Horkey-Moore Associates have 
expanded Testing Div. facilities to 
include a Fluids Contamination 
Analysis Lab. 


Bowmar Instrument Corp. re- 
cently added a 23,000 sq. ft. addi- 
tion to its Fort Wayne plant. It 
will handle machining and heat 
treating of ultra-precise components. 


Convair - Astronautics is com- 
pleting a 68,400 sq. ft. electronics 
manufacturing facility in San Diego. 


Contracts 
Boeing Airplane Co. — $247- 
million for work on the Air Force’s 
hardened and dispersed Minuteman. 


The Martin Co. — $30-million 
for work on Pershing system. 


Northrop Corp. — $28-million 
for design, development and produc- 
tion of automatic checkout systems, 
gyroscopes, periscopes, and radio- 
metric sextants for Polaris. 


Remington Rand Univac—$26- 
million for production and testing 
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of electronic ground guidance com- 
puters for Titan. 


Lycoming Div., Avco Corp.— 
$20,213,292 from Aeronautical Sys- 
tems Center for T55-L-5 and T53- 
L-5 gas turbine engines. 


The Martin Co.—$18,853,460 
for Army’s Lacrosse missile system. 


Western Electric Co.—$18-mil- 
lion for Army Nike Zeus work. 


General Electric Co.—$15,500,- 
000 to develop a new Missile Tra- 
jectory Measurement System (MIS- 
TRAM) for monitoring guidance 
performance of missiles launched at 
the Atlantic Missile Range. 


Pratt & Whitney Div., United 
Aircraft—$11.2-million Navy con- 
tract for continued development of 
the J-52 turbojet. 


Convair Div., General Dynamics 
—$8,176,000 from the Army for 
continued development of the 
Mauler air defense missile system. 


Sperry Rand Corp.—$7-million 
for the Sergeant missile system. 


Continental Electronics Manu- 
facturing Co.—$7-million in sub- 
contracts for super-power radar 
transmitters for the Army’s Nike 
Zeus. 


Douglas Aircraft Corp. — $5,- 
478,696 for components and other 
equipment for MB-1 “Genie” 
rocket; $3,880,000 for production 
of a new multiple bomb rack 
adapter for the Navy’s A4D Sky- 
hawk attack bomber. 


The Marquardt Corp. — $1.5- 
million subcontract from Columbus 
Div., North American Aviation, for 
design and fabrication of a ramjet 
propulsion system for Army super- 
sonic target missiles; $1.2-million 
for two missile launch trainers for 
Green Quail and Hound Dog. 


Aero Hydraulics Div., Vickers 
Inc.—$1.7-million to produce inte- 
grated battery - powered Auxiliary 
Power Units for nozzle control units 
on Minuteman stages. 
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Bulova escapement used as an integrating accelerometer 


Bulova’s unusually creative teams of 
scientists and engineers play an ever 
increasing role in the vanguard of pre- 
cision design and development. Con- 
sider the nature of a Bulova escape- 
ment; it’s generally employed as a 
second-order integrating accelerometer. 
However, the basic mechanism lends 
itself equally well to rotational motion 
- Sr epsians as rotors in an accelerating 
eld. 


The drawing above shows an inertial 
element, or weight, coupled to a run- 
away escapement by a rack. A safe- 
arm latch locks the system until mis- 
sile launch. Under acceleration the es- 
capement will delay the weight from 
moving through its stroke, s, accord- 
ing to the following: 


= K 


Where t is the time for the weight, W, 
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to traverse its stroke, s, under an ac- 
celeration a, K is the mechanism con- 
stant which takes into account the 
gear ratio; the moment of inertia of 
the system as reflected at the pallet 
wheel; and the number of pallet cycles 
involved during stroke s. 


If the acceleration is constant, the 
change in distance of the missile dur- 
ing ¢ is 


or 


-e 2S 
(2.) t= / 


Equating (1) and (2) 


°° eee K 
ree ag 


It is thus evident that, for a given es- 


S = 2K 
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capement with a given stroke, the dis- 
tance integrated is constant, and is 
independent of acceleration. 


Bulova developments in the field of 
time measurement are particularly 
significant because they advance the 
state-of-the-art with existing systems 
and elements... with existing compo- 
nents of proven reliability and accu- 
racy. But, continuing study of new 
concepts keeps Bulova systems years 
ahead—ready to meet the future needs 
of both the military and industry. 


BULOVA 


Research & Development Laboratories, tnc. 
62-10 Woodside Avenue, Woodside 77, WN. Y. 
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complex 
jet engine 
componentry 


This complete jet turbine wheel 
is a product of Kelsey-Hayes, 
Jackson, Michigan plant. 

Its high standards of performance 
reflect Kelsey-Hayes’ capabilities 
in the production of crucial 
rotating machinery, components 
and assemblies. 


As a major subcontractor to the 
aerospace industries, Kelsey-Hayes’ 
capabilities also include the 
production of vacuum-induction- 
melted alloys, as well as design, 
development and production of 
advanced thrust vectoring devices. 
Kelsey-Hayes Company, 

Detroit 32, Michigan. 


KELSEY 
HAYES 
COMPANY 


Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 


18 PLANTS: Detroit and Jackson, Michigan; 
Los Angeles; Philadelphia and McKeesport, 
Pennsylvania; Springfield, Ohio; New Hartford 
and Utica, New York; Davenport, lowa; 
Windsor, Ontario, Canada. 
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Minuteman In The Making 


First-stage development at Thiokol—Utah geared around mobility; 
Intent to evolve on-site casting techniques apparent 


By John P. Kushnerick 


On a barren 11,000 acre tract 
near Brigham City, Utah, poly- 
butadiene acrylic acid is mixed with 
its Thiokol binder and poured into 
high-strength steel cases. Solid- 
fueled rocket motors are in the 
making. 

The cases are “incubated” in 
carefully engineered “holes in the 
ground” to cure the propellant. 
From this underground nest . are 
“hatched” first stage motors for 
Minuteman. 

After Air Force “marries” all 
three stages, the first Minutemen 
will again sit and wait in “holes in 
the ground” at Malstrom AFB. 
Concrete silos are being constructed 
here for the first Minuteman base. 

Anticipating practically no 
countdown, and no serious storage 
problems, Minuteman is from start 
to finish Air Forces “ace in the 
hole.” 

Though first stage producer 
Thiokol already refers to the 
booster as “small,” it is the biggest 
solid propellant engine to go into 
production. The Minuteman team 
is trying hard to sell its missile’s 
capability for space tasks. They are 
having trouble. One of the biggest 
obstacles is “unselling certain in- 
fluential elements in the U. S. space 
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HARDWARE INSPECTION is phase one of Minuteman first stage 


assembly and loading. Thiokol subcontracts fabrication of high-strength 
steel cases (Ladish D6 AC). Case is housed in special steel “cage” for 


handling. 
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MINUTEMAN IN THE MAKING . 


- « continued 


Propellant mixed indoors in 300 gas tanks, 
Transported to outdoor pits in casting cans 


program that the word liquid-fueled 
is not an inherent part of the 
definition of a rocket booster.” 

There is no assembly “line” at 
Brigham City. Processes are being 
developed and improved concur- 
rently with production. 

The flexibility of existing equip- 
ment at Thiokol’s R & D shop is 
indicative of what can be expected 
in the soon to be built plant 78 for 
full production. Further refinements 
of full techniques and equipment 
will no doubt find a place in the 
on-site loading concept Thiokol is 
planning. 

First-stage Minuteman assembly 
sequence is roughly as follows: 

@ Inspect incoming hardware 
(cases, etc.). Thiokol designs cases, 
but subcontracts all fabrication. 

@ Hand-paint or  sling-spray 
liner to case and cure. Liner is 
same basic chemical as propellant, 
but is modified to give better bond 
with the motor case. 


@ Move cases to outdoor load- 
ing pits. A special handling cage 
or sling is used to protect the case. 
Special GSE transrector called 
“grasshopper” moves cases and 
elevates them to overhead traveling 
crane which then lowers unfilled 
motor into pit. 

@ Insert mandrel into case. 

@ Roll rail mounted casting 
house over pit. 

@ Remove propellant batch 
(PBAA) from mixer and load into 
casting cans. 

@ Transport casting cans by 
truck to casting house. 

@ Discharge, under pressure, 
propellant into case. 

@ Cure several days and re- 
move mandrel. Length of cure can 
be regulated by varying heat. 

Both nozzle-end, and head load- 
ing have been tried with success. 
Head loading looks better for large 
multi-million Ib thrust solid rockets. 


more pictures next page 


TRAVELING CRANE lifts Minuteman case, with liner installed, from 
transport trailer at outdoor loading and curing pits. Case pivots at (1) 
to vertical position, is then lifted free of trailer and lowered into pit. 
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PROPELLANT MIX, meanwhile, 
is dumped from 300 gal mixer into 
casting can. Can is beneath grid 
work of floor. Vacuum in can aids 
rapid loading. Propellant is poly- 
butadiene acyrilic acid (PBAA). 


AT LOADING PIT, casting can 
is positioned over Minuteman and 
propellant is pressure fed into case. 
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OUT OF THE PIT comes loaded 
and cured first-stage motor. Pivot 
trunnion used to lower case to 
horizontal position on transporter 
is clearly visible. (arrow). 


KEY SPOT in the loading operation is the casting house. It moves on rails 
from pit to pit with all equipment needed to load Minuteman. Here, 
technicians prepare to screw end closure on nozzle end of motor. 


“GRASS HOPPER” transrector can be used at cast 
pit or for loading first stage on long distance trans- 


porters. The auxiliary handling equipment can lift 
up to 100,000 Ib. * 


MOUNTING NOZZLES on loaded Minuteman case 


is one of last steps in final assembly. Nozzles have 
shown negligible erosion in full duration firing tests. 
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Stimulating climate 


...for career growth, 


for family living. 


Sailing on Seattle’s 23-mile long Lake Washington 


Immediate, long-range openings at Boeing for 
STRUCTURAL, MECHANICAL AND AERONAUTICAL ENGINEERS 


Advanced aircraft projects of the future are expanding 
steadily at Boeing’s Transport Division. This continuing 
growth has created a number of exceptional career open- 
ings for structural, mechanical and aeronautical engi- 
neers. Long-range assignments are available immediately 
on advanced commercial flight projects. In addition, 
training assignments are available, on a selective basis, 
to engineers in other fields who wish to apply their capa- 
bilities to aircraft projects. 

At Boeing, builder of the famous 707 and 720 jetliners, 
you'll be working with the world leader in the field of 
multi-jet aircraft. You'll be backed by unexcelled re- 
search facilities, including the largest, most advanced 


wind tunnel installation in private industry. You'll be 
working in a dynamic career environment that’s con- 
ducive to rapid advancement. 


The Boeing Transport Division is located in the un- 
congested Pacific Northwest, noted for mild year-round 
climate, nationally famous recreational facilities, excel- 
lent schools and housing, and healthful outdoor Western 
living for the whole family. 


Drop a note now, giving a resume of your educational 
and experience background, to: Mr. Robert W. King, Trans- 


port Division, Boeing Airplane Company, P. O. Box 


707 - 9JF, Renton, Washington. 


TRANSPORT DIVISION BMD MI A Le 
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_JPL's Plan To Explore Space 


Ranger research vehicle seen as bus 


hauling scientific "passengers" to Moon, Mars, Venus; 
To use Agena B and Centaur versions of Atlas 


By Dan Schneiderman, Engineering Group Supervisor, 


Spacecraft Integration, JPL 


Ranger is now in the hardware 
development stage. This space-ve- 
hicle is Jet Propulsion Lab’s first 
response to the assignment of ex- 
ploring Moon and the planets. 

Ranger’s mission is clear: arrive 
at some point in space, perform a 
scientific act, and relay information 
back to Earth. 

Initial launch vehicle will be 
Atlas Agena B combination. This 
will allow a spacecraft weighing be- 
tween 600 and 800 Ib. Ranger will 
be approximately 12 ft long, and 
six ft in diam at its hexagonal base. 

First flights are scheduled for 
next year. The initial effort will 
concentrate on perfecting the vari- 
ous engineering elements of the ma- 
chine to achieve reliability for later 
flights. Among other things, these 
first flights will involve attempts to 
achieve long operating life in the 
hostile space environment. 

Systems have been designed 
that will achieve full attitude stabili- 
zation and in-course corrections of 
the trajectory. 

These two developments are 
notable achievements over the tech- 
niques used in the past, where 
weight restrictions made it neces- 
sary to use elementary spin stabili- 


Aircraft & Missiles « 


September 1960 


zation to stabilize the payloac in 
flight. 


Severe Environments—The 
physical design of a spacecraft is 
constrained by a unique contradic- 
tion. It must operate for a great 
majority of its lifetime in vast space 
at zero gravity and in a hard vac- 
uum. But, for a relatively short 
period during launch, it must with- 
stand high acceleration vibrations, 
gravity forces and physical confine- 
ment. 

Exploring Moon and the planets 
presents other severe problems. 
These are: extremely hard vacuums, 
types and quantities of radiation 
about which we are just beginning 
to learn, and sterilization of equip- 
ment which will land on the Moon. 
The latter, of course, is necessary to 
avoid contamination of the lunar 
surface with life cultures from 
Earth. We are also concerned with 
sterilization techniques that will 
apply to equipment which someday 
will return to the Earth. Conse- 
quently, sterilization techniques de- 
veloped in the Ranger program will 
be useful in protecting the Earth 
from contamination as the program 
advances. 


Scientific Bus—We look upon 
the spacecraft as a “bus” which can 
carry different kinds of “passen- 
gers,” represented by varying scien- 
tific equipment, to different destina- 
tions and drop them off according 
to their destination and desires. 

For this purpose, the basic 
“bus” consists of a hexagonal struc- 
ture which mates to the vehicle that 
launches it and upon command 
separates and flies through space. 
The “passengers” bolt to the upper 
part of the hexagonal structure and 
can be changed easily from flight 
to flight. 

The first flights will carry as 
“passengers” scientific instruments 
geared to obtain a comprehensive 
survey of the radiation fields in 
space and the factors that influence 
them. 

Fig. 1 shows some of the scien- 
tific “passengers” which will be 
carried on these first engineering 
flights, together with the systems 
that will stabilize the spacecraft and 
allow it to make three-axial maneu- 
vers in the acquisition of the Sun, to 
provide solar power, and the Earth, 
to send data back via a directional 
antenna. 

In subsequent flights, this same 
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THE RANGER SPACECRAFT . . . continued 


First flights to Moon in 1961; 
Mars mission includes infrared mosaic of planet 
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ATLAS-AGENA Bé (left) is useful at lunar distances; however, it cannot 
carry significant loads up to the velocities necessary to reach either Mars 
or Venus. The Atlas-Centaur configuration (right) will be called to do this 
job. The spacecraft for such planetary missions will use the same basic 
elements being developed in the Ranger series. They will be based again 
on the “passenger bus” concept. 
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basic bus will be used to carry a 
capsule which will rough land on 
the lunar surface to conduct seismic 
experiment. ; 


Moon Mission— The rough- 
landing lunar capsule is now being 
constructed under contract with 
JPL by the Aeroneutronic Division 
of the Ford Motor Company, New- 
port Beach, Calif. 

In the lunar capsule flight, the 
flexibility of Ranger as an all-pur- 
pose “bus” is demonstrated. (See 
Fig. 2.) The upper frame support, 
which carried scientific instruments 
in the first flights, will be removed 
and replaced by the 300-lb lunar 
capsule. The capsule will be 
mounted on the basic hexagonal 
shape of the bus. 

An in-course propulsion system 
will be added to the “bus” to pro- 
vide a maneuver part way out in the 
trajectory to insure lunar impact. 
As the “bus” approaches the Moon, 
about 66 hr after launch, it will 
orient itself so that a television 
camera can take a series of pictures 
of improving resolution as the “bus” 
approaches the Moon. 

The “bus” also will carry a 
gamma ray spectrograph which will 
allow preliminary analysis of the 
composition of the lunar surface. 

Approximately 20 mi from the 
surface of the Moon, the lunar cap- 
sule will be separated from the 
spacecraft. Its solid retrorocket will 
fire and the capsule will be slowed 
to something under 300 mph as it 
impacts the lunar surface. The 
“bus” itself will continue on in and 
destroy itself as it crashes into the 
moon at approximately 6500 mph. 
The TV camera will not operate 
after separation of the capsule from 
the spacecraft. 

Inside the lunar capsule will be 
a smaller survivable capsule con- 
taining the instrumentation. It will 
weigh approximately 50 Ib and will 
be protected by crushable structures 
from impact damage. 

Instrumentation will consist of 
a thermometer to measure the tem- 
perature of the capsule, and a seis- 
mometer to measure Moon quakes 
or meteoritic impact. The capsule 
also will contain its own power 
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supply, transmitter and directional 
antenna to provide information to 
the Earth for 30 days. 


Beyond The Moon—While the 
Atlas Agena B is useful at lunar 
distances, it cannot carry significant 
loads up to the velocities necessary 
to reach either Mars or Venus. We 
are looking forward to the Atlas 
Centaur configuration to do this job. 
The planet spacecraft will use the 
same basic elements being devel- 
oped in the Ranger series. They will 
be based again on the “passenger- 
bus” concept. 

When this version of Ranger 
makes its trip past Venus, it will 
carry scientific instrumentation to 
learn more about the atmosphere of 
Venus, and perhaps penetrate that 
atmosphere to learn more about the 
planet itself. Typical of the instru- 
ments which could be carried on 
board such a Venus spacecraft are: 
(1) Ultra violet spectrograph, (2) 
Light polarization detector, (3) Pas- 
sive (temperature) radar, (4) Active 
radar, (5) Magnetometer, (6) Solar 
corpuscular radiation analyzer, (7) 
Cosmic ray detector, (8) Infrared 
scanner. 


Infrared Mosaic of Mars—When 
the spacecraft makes its trip past 
Mars, in place of the passive and 
active radar experiment, it probably 
will carry equipment to obtain a de- 
tailed infrared picture mosaic. The 
picture will be broken up into a 
number of reasonably small squares, 
and the infrared response within 
that square will be indicated. Thus, 
it should be possible to determine 
something about the forms of plant 
life which appear to exist on Mars. 
In addition, the Mars spacecraft 
probably will take a visual photo- 
graph of that planet from a few 
thousand miles away and increase 
in this manner our detailed knowl- 
edge in the visual spectrum of Mars. 
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A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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FIG. 1. SCIENTIFIC “PASSENGERS” of the Ranger research vehicle are 
identified, together with the systems that will stabilize the spacecraft. Stabili- 
zation will play a vital function by enabling the vehicle to make three-axial 
maneuvers in the acquisition of the sun, to provide solar power, and Earth, 
to send data back via a directional antenna. 


EARTH 


FIG 2. IN LUNAR-CAPSULE FLIGHT, the flexibility of Ranger as an 
all-purpose “bus” will be demonstrated. The upper frame support, which 
carried scientific instruments in the first flights, will be replaced by a 300-Ib 
lunar capsule. The capsule will be mounted on the basic hexagonal shape 
of the vehicle. An in-course propulsion system will be added to the “bus,” 
to provide a maneuver part way out in the trajectory to insure lunar impact. 
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What HORACE DREVER has 
to say about Lindberg heat 


treating equipment 


\\ 


QUOTE from Mr. Drever's 
unsolicited letter to 
Lindberg Engineering 
Company 


Mr. Horace Drever, internationally prominent in the industrial heating field, 
is a Past-President of the Furnace Manufacturers Association and President 
< / of Drever Company, furnace manufacturers and commercial heat treaters. 


“For the past three and one-half years, we have been operating one of your Type 
243618 GVRT Furnaces along with a 500 CFH Lindberg Hyen generator in our 


commercial heat treating division. We are extremely pleased, not only with the fine 


quality of work turned out by this equipment but also its relatively trouble-free operation. As 


evidence of our complete satisfaction we have ordered another Lindberg Furnace of this type?’ 


Weare happy that Mr. Drever, a furnace manufacturer 
in his own right, originally chose Lindberg equipment 
for his heat treating plant and that its satisfactory 
service prompted an additional order. The second 
Lindberg Furnace is now in production at Drever 
Company, as the adjacent photo shows. Bless those 
satisfied customers! If you have a product or process 
in the metal or ceramic field requiring the application 
of heat you can depend on Lindberg’s engineering 
and design know-how to provide exactly the right 
equipment to answer your need. Get in touch with your 
nearest Lindberg Field Representative (see classified 
phone book) or write direct to Lindberg Engineering 
Company, 2473 West Hubbard Street, Chicago 12, 
Illinois. Los Angeles plant: 11937 South Regentview 
Avenue, Downey, California. In Canada: Birlefco- 
Lindberg, Ltd., Toronto. 


< | ~ 4 | i { ~~ eel LINOBERG 
. 


Lindberg Furnaces in operation 
at the Drever Company, Bethayres, 
Pennsylvania. 
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Benuix cermets (ceramic-metallic materials} 
beat the inferno-like heat of rocket launching 
and re-entry. Sub-scale and full-scale motor 
tests, using the latest types of aluminized pro- 
pellants, consistently show zero erosion in the 
throat areas. 


The new cermets result from our experience with 
Cerametalix®, now a widely preferred friction 
brake material for high-performance aircraft. 
Even more advanced refractory techniques are 
used in our cermet production. These include: 
flame spraying, plasma arc spraying, hydro- 
static pressing, vacuum sintering; layer com- 
pounding and transpiration cooling. 


True space-age materials, Bendix cermets have 
wide application in supersonic aircraft and 
space vehicles for such components as jet vanes, 
jetevators, nozzie throats and linings, leading 
edges and nose cones. Besides resisting extreme 
temperatures and pressure, they effect weight 
savings up to 75% over comparable solid metal 
structures. Bendix provides complete’ product 
design, development, testing and manufactur- 
ing. For full details, write, wire or phone: 
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Autonetics Machine Shop 
Handles Prototype 
and Production Runs 


Management feels production quality is increased 
by exposing production workers to prototype tolerances and techniques 


By Philip Geddes 


The Central Operations Depart- 
ment of Autonetic’s machine shop 
produces detail guidance system 
parts for both prototype and manu- 
facturing efforts. In many instances, 
subcontractors are called in to learn 
with the prime contractor, and the 
job is then farmed out. Complex 
precision work, however, is retained 
at Autonetics. 

Pre-prototype machining is done 
in a special shop in the engineering 
department. Prototype machining is 
done in Central Operations to in- 
sure that the shop “understands or 
learns” a job before production. In 
general, Central Operations’ ma- 
chines are capable of production 
runs but most runs are small. Jig- 
borers, the aristocrats of machine 


a m 
pant 
we 
— 


FIG. 1. ALUMINUM SAND 
CAST gear housing with 20 line- 
bored holes, checked with air gage. 
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tools, are used as pieces of produc- 
tion equipment for running fine tol- 
erances. At the side of the jig borers 
stand a row of Borematics, also 
running to tenths, (0.0001 in.) on 
a production basis. Supervision 
feels that the jig borer operator is 
not down-graded by doing produc- 
tion work. Rather, the skill level of 
other operators in the shop is raised 
by being exposed to the precision 
undertaken there. 

Gear Making—Every gyro sys- 
tem has gears. How fine some of 
these are can be seen by looking at 
a typical gear cut in the shop: 

Fine Pitch Worm Gear cut on 
pressure angle of 20 deg. 

Involute base circle diam 0.9572 in. 
Circular pitch 0.0500 in. 


Number of teeth ..... .. 64 
Class per ASA B6 

11-1951 .. P3 precision 
Total composite 

wet ss. ..0.00025 in. max 
Tooth composite 

errors ..... 0.0002 in. max 


Profile surface finish . . 16 micro in. 

Fine gears demand fine ma- 
chines. Typical are an Illinois Fine 
Pitch Gear Generator and a Pfauter 
(German) Gear Cutter. The number 
of foreign produced machines in the 
work shop is noticeable. The Illinois 
machine has a capacity of 3 in. with 
infinite pitch. Scope of the tool is 
not confined by pitch hobs. Pitch 
desired, within range of machine, 
is selected. The cutter is changed to 
suit job—the machine does the rest. 


FIG, 2, INTERMEDIATE GIMBAL made from aluminum casting is jig 
bored in multiple setup at Autonetic’s machineshop. Bore diameters are 
held to 0.0002 in. tolerance. Concentricity to 0.003 in. 
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DOUBLE WALLED aluminum casting mount being 
machined on Kearney & Trecker horizontal mill. 
Autonetics retains more complex jobs in its own shop. 


Fine gear checking is done with 
an electronic Kodak “Conju Gage” 
capable of measuring to 50 mil- 
lionths in total composite error, in- 
volute form, and lead error runout. 
In the machine, a master worm 
rack fits against the gear to be 
tested. A tape record shows the re- 
sults obtained. Comparative read- 
ings between the Conju Gage and 
a second measuring machine are 
obtained with a Schoppe and Faeser 
(German) fine pitch gear checker. 
By checking one gear a day between 
the two machines the accuracy of 
the electronic machine used for 
rapid production checking can be 
determined. 

Boring — Typical example of 
boring work in the shop is that 
performed on an aluminum alloy 
sand cast gear housing. It has 20 
line bored holes with typical dimen- 
sions as follows: 

SD TD ks a 3 0.2497 in. 

+0.0000, —0.0002 in. 
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2 bores 0.6250 in. 
+0.0002, —0.0000 in. 
Peo te _ 1.0000 in. 


+0.005, —0.0000 in. 

The set up for this job is illus- 
trated (Fig. 1). Up to ten parts have 
been run at once using this tech- 
nique. 

On the aluminum gimbal also 
shown in a multiple setup, (Fig. 2), 
the bore diameters are held from 
0.0002 to 0.0005 in. tolerance, and 
concentricity to 0.003 in. The bores 
must be parallel within 0.0005 in. 
over the 14-in. length. 

Grinding—In the lap grinding 
department more examples of pre- 
cision machining abound. As an ex- 
ample, the journal for a fluid bear- 
ing made of 440 steel has a. full 
diam of 1.968 +-0.005 in. Thick- 
ness of the two mated parts is 
0.250 +0.0000 —0.0005 in. On 
the journal, a 0.001 in. relief must 
be ground within 50 millionths tol- 
erance, flat to five bands of light on 
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DEBURRING OPERATION of guidance components 
takes place under powerful stereoptic microscope. 
Rubber-mounted wheels and carbide tools are used. 


interferometer. Rough grinding is 
accomplished on small rotary 
grinder by Taft Pierce, lapping on 
a Lapmaster, and polishing on a 
jury rig. Parts are deburred under 
Bausch and Lomb stereoptic micro- 
scopes, by extremely patient girls 
using small rubber-mounted wheels 
and carbide tools. 

Crush grinding is used in multi- 
diam parts. On a small gyro rotor 
spindle no more than 2 in. long, a 
Sheffield machine grinds nine diam- 
eters in one pass, not counting 
chamfers. Finish machining to 
0.0002 in. diam is accomplished on 
another machine after screw thread- 
ing the ends. 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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Guide To Lower Costs 


and Reduce Vehicle Weight 


“Use new design and procurement data to select proper sheet materials" 


..- Johnson of Convair 


“Then apply thickness data to make sure you don't add extra weight through 
loose tolerances" .. . Hoffman of RAND 


HOW MUCH WOULD YOU SPEND 
TO SAVE A POUND OF WEIGHT? 


By R. E. Johnson, Design Engineer 


Convair Fort Worth 


One method of comparing struc- 
tural materials has been to use 
strength -to- weight ratios. The 
method gained such prominence 
that designers plotted strength-to- 
weight ratios of aluminum, steel, 
and titanium for elevated tempera- 
tures. Materials were specified with 
no other thought than to save 
weight. In more recent times, how- 
ever, the designer has become 
acutely aware of another factor 
which ranks equally with the 
strength of the material. This fac- 
tor is cost. 

Designer, Buyer Roles—Design 
groups often have incomplete or 
obsolete cost data. Because their 
end purpose is different, the de- 
signer and buyer work in different 
areas. Communications between the 
two concerning new sources of ma- 
terial, changes in base price, or 
quantity extras often break down. 
Once the material is spelled out on 
the drawing, it is rarely changed 
except as a result of design error. 
For a material cost saving program 
to be successful, the cost considera- 
tion must, therefore, be taken into 
account before the material callout 
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on the drawing. For this reason, 
many companies in the aircraft and 
missile field are educating designers 
through Cost Manuals, Cost Bulle- 
tins, and cautions in the Materials 
or Design Manual as to the rela- 
tive costs of the newer materials. 

If there is a design choice, the 
cheaper or more accessible mate- 
rial should be used, and data should 
be available to aid in the choice. 

This article presents such cost 
data side-by-side with the strength- 
to-weight ratios for some of the 
more common materials used in air- 
craft and missiles. It is not the pur- 
pose of the article to make some 
materials look good or bad from a 
cost standpoint; other characteristics 
of a material often offset its high 
initial cost. A good example of 
this is titanium. It would not be 
advisable to rule out titanium on the 
basis of its high initial cost for use 
where corrosion resistance is im- 
portant. Using another material 
which has a low jnitial cost but 
which requires a coating or similar 
protection might very easily run the 
cost up above that of titanium. 

Cost Data—The costs used in 
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this analysis are base prices on ma- 
terials at the time of writing. Prices 
do not include any variations re- 
sulting from the quantity ordered. 
This factor, can be a very important 
one, but it is not possible to include 
it in this analysis, since the amount 
used will depend on the project. An- 
other cost factor not included is that 
of testing or certification to a ma- 
terial specification. This again de- 
pends on the individual company 
requirement. 

Cost of sheet material increases 
rapidly as the gage decreases. This 
is shown graphically in Fig. 1, and 
is particularly true for materials 
difficult to roll to thin gages. For 
example, if we are interested in ob- 
taining commercially-pure titanium 
strip of thickness less than 0.000125 
in., we should be aware that the 
thickness extra for this gage is 
$258.00/lb. On the other hand, 
this $258 pound of titanium in this 
thickness and 24 in. wide is theo- 
retically 2085 in. long. 

Majority of data indicates that 
the best material to use from a cost 
standpoint is aluminum. Structures 
personnel will immediately advise 
that aluminum service temperatures 
are below 400°F. Except for some 
of the newer experimental alloys 
that carry aluminum’s temperature 
up to 600° at reduced strength, this 
is true. But, these alloys cost more 
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and, in most instances, require an 
ingot order. 

New Ratio Explained—To com- 
pare the strength-to-density values 
with cost data, a ratio of strength/ 
density-cost was calculated for sev- 
eral materials using 0.080-in. thick 
sheet. The units of this ratio work 
out as in.-lb/dollar. 

Table I shows this ratio for sev- 
eral alloys of aluminum, steel, and 
titanium at room temperature. The 
highest numbers represent the best 
“value” considering cost. The best 
alloy in each material category was 
chosen for graphical representation 
of values at temperatures up to 
800°F. These were the 2024-T86 
aluminum, 301 full-hard steel, and 
4Al-3Mo-1V STA titanium alloy. 
Normal presentation of strength-to- 
we ght is shown in Fig. 2 at tem- 
peratures up to 800°F. In contrast, 
the plot of “value” units vs tem- 
peiature is shown in Fig. 3. Note 
thet in Fig. 2, titanium shows a 
coinfortable margin over the other 
two materials. However, when cost 
is considered, titanium runs a poor 
third at all temperatures. Below 
400°F, the “value” of aluminum is 
superior to the other materials, 
while above 400°F, steel shows an 
increasing margin over the alumi- 
num. 

Arguments — There are argu- 
ments to this data. First, due to 
complexity of making aircraft and 
missile parts, raw-material cost rep- 
resents a small fraction of the fin- 
ished part cost. It is also plausible 
to argue that titanium should not 
be included in this comparison since 
it is an “infant” in the metals field. 
It is true that the cost of titanium is 
coming down each year with in- 
creased production and improved 
know-how, but advanced space ve- 
hicles need the newer materials such 
as titanium, beryllium, super alloys 
and the like, and designers need to 
have some idea of the price they 
are paying for the weight saving. 
Choice of materials will still depend 
on individual application and the 
answer to the question, “How much 
can I spend to save a pound of 
weight?” 

continued on next page 
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6 Al-4V STA 


6 Al-4V Annealed 


oe PH 15-7 Mo Annealed 


‘Se CRES 30! Full Hard 


2024 -T86 


Cost (Dollers/ Lb) 
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FIG. 1. SHEET-MATERIAL COST rises rapidly as gage increases. 


TABLE | 


Room Temperature Strength/Cost—Density Ratio 
For 0.080 in. Sheet Material 


Ratio 
Strength Density Cost Strength/ 
Material (PSI) Lb./cu. in. Dollars/lb. Cost-Density 
2024-T86 72,000 0.100 .584 12.35 x 105 
7075-T6 72,000 0.101 .627 11.35 x 105 
Cres 301 Full Hard 185,000 0.286 .713 9.08 x 105 
PH 15-7 Mo Annealed 150,000 0.276 1.22 4.45 x 105 
17-7PH Annealed 150,000 0.276 .963 5.64 x 105 
6 Al-4V Annealed 130,000 0.160 15.25 0.530 x 105 
6 Al-4V STA 160 ,000 0.160 20.45 0.489 x 105 
4Al-3Mo-1V STA 185 ,000 0.163 20.45 0.554 x 105 
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FIG. 3. “VALUE” UNITS vs tem- 
perature are shown plotted. 


Temperature (°F) 


FIG. 2. STRENGTH-TG-WEIGHT 
ratios are compared up to 800°F. 
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DON'T ADD EXTRA WEIGHT 
BY SPECIFYING LOOSE TOLERANCES 


By George A. Hoffman, Engineer 


The RAND Corp. 


Designers usually assume that 
most portions of sheet materials 
possess the minimum properties 
guaranteed by the mill producer. 
So, they are apt to specify toler- 
ances on the sheet gage in such a 
way that the least thick sheet used 
equals or exceeds the nominal de- 
sign thickness. Both practices re- 
sult in small additional margins of 
safety; both also add extraneous 
weight to the structure. 

In specifying the number of 
sheets for use in aircraft and mis- 
siles, one is confronted with con- 
flicting alternatives: 

@ A liberal tolerance reduces 
costs and speeds up delivery. 

@ A tight tolerance raises costs 
but helps to reduce weight. 

This article presents a criterion 
by which the problem of tolerance 
specification can be solved. The 
method is based on measuring both 


“Oo 


0002 


the extraneous weight and the addi- 
tional cost as functions of the toler- 
ance. This permits a direct rela- 
tion between the increased manu- 
facturer’s cost and the weight re- 
duction from tightened tolerances. 
Identifying the manufacturer’s cost 
with the worth to the vehicle op- 
erator of the weight saved deter- 
mines a range of “most economical 
tolerances” for most materials and 
gages. 


Weight from Loose Tolerance 
Extraneous material (i.e., the ma- 
terial beyond the thickness required 
by the design) results from: (a) 
Variation in the thickness of the 
sheet along the rolling direction— 
experienced from sheet to sheet, 
and to a lesser extent, within a 
sheet; (b) variation in the thickness 
of the sheet perpendicular to the 
rolling direction—sometimes result- 
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ing in thin edges and a high center, 
called a “crown.” 


Extra Cost from Tight Toler- 
ances—Deviations from the re- 
quired thickness of sheet can be 
held to a minimum by a number 
of methods. A few of these are 
listed in order of successively 
higher cost increments over com- 
mercial tolerance sheets: 

(1) Inspecting “all-over” sheets 
rolled to commercial tolerances 
(+0.006 for 0.063 gage), retaining, 
say, one half of the sheets with the 
best tolerances and reprocessing the 
remaining worse half. This proce- 
dure finds many a precedent in the 
large-scale scrapping for special 
reasons in aircraft production in- 
volving aluminum and titanium. By 
judicious inventory of these gaged- 
all-over sheets, tolerances may be 
reduced to +0.002 for 0.063 gaye 
by selecting the best-dimensioned 
half of the sheets. Cost is $.650/sq 
ft. 

(2) Rolling in special high-pre- 
cision mills specifically designed to 
produce very accurate thickness. 
Such mills might yield 0.063-gage 
sheets with +0.001 tolerance. Cost 
is $17.00/sq ft. 

(3) Sheet and plate skin grind- 
ing down to +0.0005 in special 
mills (still in the design stage). 


Criterion for Choosing—Fig. | 
and 2 show, that both cost and 
overweight can be functionally re- 
lated, by cost analysis, to the same 
variable tolerance. If an index or 
figure of merit were somehow de- 
vised for the value to an aircraft 
or missile operator of eliminating 
one pound of overweight, then it 
would be possible to read off di- 
rectly from Fig. 3 the “optimum” 
tolerances on any thickness and 
type of sheet material. 

There is a great range of opin- 
ion as to the worth or value to the 
aircraft operator of a pound of 
weight saved. A list will indicate 
the width of the divergence: (a) 
The figure of $2065/lb has been 
mentioned for a commercial piston- 
engine transport, (b) the figure of 
$600 to $800/Ib has been derived 
for an American jet transport, (c) 
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figures of $560 to $840/lb have 
been used for a British jet trans- 
port, $220/lb for a fighter-inter- 
ceptor, and $98/lb for a British 
propjet transport, (d) space vehicles 
are most sensitive to extraneous 
weight — in actual experience it 
costs about $30,000 to place one Ib 
of payload into orbit in Explorer 
I, and about $15,000/lb for Ex- 
plorer IV. 

Because of this spread in esti- 
mated values, rays from $50 to 
$1000/lb are plotted in Fig. 4 for 
the worth of weight reduction in 
flight structures. 

A criterion can therefore be for- 
mulated. For a wide range in the 
worth of a pound, there is only a 
narrow spread in the economically- 
optimum tolerance. As an exam- 
ple, in the “worth” range of $200 
to $500/lb saved, Fig. 4, alumi- 
num and steel tolerances on 0.063 
sheet can be specified to be + 0.001 
in., while titanium tolerances ap- 
pear to be between +0.0015 and 
+0.002. 

Summary—tThe desirable toler- 
ances for steel and aluminum 
(+0.001) and titanium 0.063 sheet 
(+0.002) are sensitive to the an- 
nual production quantities of each 
material. The incremental cost of 
high-precision titanium sheet is in- 
versely proportional to the Ib/yr 
produced. Therefore, if the planned 
yearly poundages of titanium are 
revised significantly upward or 
downward, target tolerances should 
accordingly be revised, but in the 
opposite sense. The result is that if 
the 30,000 Ib per year used in fig- 
uring the additional cost involved 
in tightened tolerances is raised, for 
example, to 100,000 Ib/yr, the op- 


Additional Cost (Dollars /sq ft) 


0.001 


x 96-in. sheets. 


timum tolerance would be reduced 
to +0.001. On the other hand, if 
the 30,000 Ib/yr is lowered to 10,- 
000 Ib/year, then the tolerance 
would go up to +0.003. 

The main conclusion of this ar- 
ticle is apparent from Table 1; 
namely, that the economically-opti- 
mum tolerances of all sheets of all 
materials are consistently smaller 
than those readily available at pres- 
ent in the aircraft and missile in- 
dustry. It should be of major con- 
cern to realize that, in all instances, 
sheets used in flight vehicles today 
are overweight by excessively loose 
tolerances. 

Expenditures influence structural 


0.002 0003 0.004 
Tolerance (Inches) 


FIG. 2. ADDITIONAL COST involved in tolerance control of 0.063 x 36 


0.005 0006 


weight in the manner of the more 
commonly-studied factors, such as 
the configuration of structural ele- 
ments and the material used. For 
example, a sufficient expenditure 
increase when purchasing sheets 
could reduce structural weight by 
3.6 to 5.3 per cent in a titanium- 
sheet structural component. (If the 
design thicknesses were 0.056 in., 
commercial sheet would have to be 
procured at 0.063-in. gage, + 0.006 
in. The percentage of reducible 
overweight would then be 


0.006 — 0.004 
0.056 
where 0.004 in. is a tolerance pur- 
continued on next page 


100 X = 3.6 per cent, 


TABLE 1 OPTIMUM TOLERANCES OF SHEET FOR VARIOUS THICKNESSES AND PRODUCTION LEVELS 


Beryllium 
Sheet 10,000 50,000 
thickness Ib/yr Ib/ /yr 
(assumed) (assumed) 
0.002 0.0003 0.0002 
0.020 0.0015 0.0012 
0.063 0.0050 0.0030 
0.125 0.008 0.005 
0.250 0.012 0.008 


ae Titanium 

a ee 30,000 100,000 

Ib/y r Ib/yr 

_|__(eseumed) — (assumed) (assumed) Optimum 

| 0.0002 0.0002 0.0002 
0.0015 0.0010 0.0007 

| 0.0030 0.0020 0.0020 
0.006 0.004 0.003 

0.009 0.006 0.005 


Aluminum 


(at present 
production levels) 


Steel 


(at present 
production levels) 


Commercial Optimum Commercial 
0.0003 0.0002 ite 
0.001 0.0008 0.002 
0.004 0.0020 0.006 
0.005 0.004 0.010 
0.013 0.005 0.017 
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DON'T ADD EXTRA WEIGHT . . . continued 


Sheets used in flight vehicles today 
are mostly overweight by loose tolerances 


chasable at some reasonable cost: 
while 
0.006 — 0.003 
100 x ——~ ——-—— 
0.056 
where 0.003 is a tolerance pur- 
chasable at some moderately high 
cost.) 


= 5.3 per cent, 


Extra Proof—Consider the alu- 
minum structure of a modern jet- 
transport like the Boeing 707. Ac- 
cording to Table 1, aluminum sheet 
tolerances between +0.0020 and 
+0.0007 in. should be specified, at 
additional cost up to $2/sq ft of 
surface. If this cost at first seems 
high, the economics may be illumi- 
nating. There are upward of 10,- 
000 sq ft of sheet and plate in such 
a transport, with a weighted com- 
mercial (average) tolerance of 
+0.006 in. Reduction to, say, 
+0.0015 would save (0.006 — 
0.0015) « 144 x 10,000 x 0.101 
= 650 lb. 

This 650 lb saved permits pas- 
senger capacity to be increased in 
one model from 88 to 90 by simply 
installing two more seats in the al- 
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FIG. 3. RELATIONSHIP between additional purchas- 


ing costs and overweight in sheets. 
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+0.001 a 


ready designed transport. But the 
worth to the operator now has in- 
creased from the initial cost of 4.5 
million per airplane to 4.6 million. 


The $100,000 increment in 
value, divided by the 10,000 sq ft 
from which it is derived, gives a 
worth of $10 per sq ft, or well 
above the $2/sq ft worth originally 
paid out to increase the value. The 
worth of a pound saved in this in- 
stance is $100,000/650 lb, or 
about $154/Ib. 


Another way of looking at the 
increment in value, to the operator, 
of an aircraft made of very-close- 
tolerance sheets and plates is by 
considering the reduction in operat- 
ing costs. Assume, conservatively, 
that the 650 Ib saved is used by the 
operator only to reduce fuel-con- 
sumption expenditures. Over the 
life of the transport, fuel cost sav- 
ings will amount to $44/000. 

12 X 3650 X a x 
18 


0.15 
1.2 X 65 = $44,000 
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where 12 = years in use by oper- 
ator before resale of craft. 


lay 
(365, days ) x 
years 


(10 hours in daily use) 


3650 


650 = lb of weight saved by reducing 
tolerances from = 0.006 to + 
0.0015 


lift 
average 


18 


ration for this air- 


craft 
1.2 


ll 


thrust specific fuel consumption, 
Ib of fuel/hr 

“Tb of thrust 

cost of JP-4 fuel ‘in the plane,” 
dollars/gallon 

6.5 = lb of fuel per gallon, lb/gallon 


The $44,000 figure gives a 
worth for the tightened tolerances 
of $4.4/sq ft, while the worth of a 

$44,000 

650 lb 
or about $68/lb, from reduced fuel 
costs alone. 


0.15 


pound saved in this case is 


aa 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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FIG. 4. WORTH-OF-POUND plots given for choosing 


economically optimum sheet tolerances. 
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MINUTEMAN 


8 successful launches in 8 successive tries. 
Silo tést&using Thiokol solid propellant 
engines have proved so gratifying, the 


original schedule of 18 silo test shots 
reduced to 8\greatly accelerating the 
Minuteman [CBM\research and develop- 


ment program. Thiokel means reliability! 


Associate Prime Contractors: Thiokol CRemical Corporation, first stage; 
Aerojet-General Corporation, second stage with Hercules Powder 
Company and Aerojet-General Corporatiog, third stage; Autonetics 
Division North American Aviation, guidance arid control system; AVCO, 


re-entry vehicle; Boeing Airplane Company, assembly and test. \ 


mM THIOKOL 


Théeoko€. CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 
Rocket Operations Center: Ogden, Utah 


Minuteman Motors produced at the Utah Division 
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6 successful launches out of 6 suctessive 


g 
f 


firings. Army’s newest, longest rangé ballistic 
missile now in developmént-m¢t all objec- 
tives in first 6 tests.Pershing-sélid propellant 


/ : 
motors, produced /by Thiokols Redstone 


Division, performed perfectly every time. 


f 


Thiokol means relidbility! 
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Prime Contract¢r: The Martin Company. Propulsion Contractor: Thiokol. 
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Vheoko€, CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 


Rocket Operations Center: Ogden, Utah 


Pershing Motors produced at the Redstone Division 


+f s ee e ¥ « 7 24 a eee be get a) Cs ee 5 Oe - — T ae -me 
? ze > he a a Actep "pe - 
a wv, : hos : Bee ce eee erence. b 5 an oe ' \ety ae r ees | 
RRS : 1 SOUR SORE Sear eee) | eee > Sy? eed See Cr Rae or eet ire i me 
; 3 cae, ERG A ee ic eee: 2 Pe tates ei A ee 
MAD Sees © eae F pare rites. ree: Ae afd? - alee ao emia Pe ASR tS ieee cae fs Ger eere, lj 
ss re nS Se RG bap ee ai “Sey B ae eee, oes oe es ah DAs Cg ee aad = . of 
| OE. 0 72 Ns a | ne See “a “Gt ki ee eee ee ea ten ee Bene 2 Coe Fay i Le ss a 
. eae Ue of EC ke oe ee Drei a « 7: Fe, Bee es 
Oe a a “pc aaa fot S die Sree gee a oa 
sd A ae 11S Peale area Rael 
Ae om oy eS er rs 
Aree Teche cree Brahe Dats aa 
(Pal tel ee a roa 
figs ee on ae 
ech cee : | Ge eis ae 
Soke ae i. beeen ae 
Bie i ae 
igre 02-9 © Sonn ie Ba 
CNP So tc ee, Mia ce 
SHE) Ac ake gee a 
Bode rer aS ck, 4 
eC eis a 
: i), ey ens ala aa 
: iy See Re, 
ah: § renee Be Ea, igen 
ie ete ee oe ee ia 
ye haa = ay. ea Pat ie 
eee 
Moat 2, Seelam eee ied 
eee eae, eae 
. ae ee 3 is ee ee Be ip wie ota 
si Eas el tty bess oe 
Ty ea 2 tae te Es 
ee oO ya 
2) ied Gan oe: em ers 
re nah toe ri x: ay eae To 
SAE 7) a roa a 
WAS a on = eee 7 
ee ee 
ee ee sara 
; 3 eta ae 
alley ig aie are ae “Eee 
«Dea Gs. SS ae ea ma 
a ie Serer eae apps oe a te 
Delta fe rae I S 
ay Td a ne eee 4 ae 
J rages Ty iaaaaee ae 
; oe 2 5% 
& at re i Prete oe 2 
f Rie ie mee Ba |i 
2 Seay hee = Sie 
Mees See ders CER, tala aren. ta 
Tien ae UE alec) naa raat ra 
Boe are Sone 
eM rs Sule he They Wee ee 
eh ae es ae 
geen tame i Ni PO I of ein 
Be Vee oh nS Pe a 
She) sh teste aerate ei. 
a Lame a aes ‘ay : 
‘ Acre eet rear Syria ame ee bo 
sce Shai, Si Sa a ae sat Feat 
: - ae ae pe Leys ae ts 
Sa ae ok ae Fi sey 
aera a 
TS i aa as 
e ae ser ice ety 
a ere 
: aot Re Oe is ee 
; ee eee Nee ieee TY 
r J 1p he ree 
a ere eS | 
siete nm epee ee Lat 
oh, Be ia: pe ye 1. 
Bis ae, RT 
Sato, = 20 ba ea -- ie Ab Bia 
i ea : eects 
age io ae ee Piet are 
Bt, ee: eee eel, ie 
Na. | ceieaaen a Sieh a Eee 
cares “2 1) eee Re eee ake ” 
ot a aes Dest eS F. 
a i 
ae Re ct P| ae 
eo. TE ee B 
ae. ae > re 
emits S— 5b) aan et 
map 2a i ~ > pees: “- 
anh)” sel es + ee Wee 
‘Spe oo ef Sore 
see Be oe nat Pere 
hi Perales Sor =f; 
wae 7 r, i} op 
ae eee | re se Bee 
eee se | 
i oe Se Metil ws!) oh ee ae aes A A 
+ Is ekg eps ay ta (ann, Lisa 
PgR ao ' ae eee pee Meee 
/ Sepretieg 02 S 
i eos 22) ea aM aac ‘id an 
f EE tg «em Beis a 
* P : Se Ge i A Ti tates ae gs 
~ R | cee. A a ay 2 
fj ™ | ae So. 
/ ~ ; Za Roweeaers wo ek Wi le 
j ~ j me pees iS ait. ee 
ee a 
Se ae R= ree 
Sa 7. gare 
Bh ee pe 2 GR ite 
geen: ae eee St 
Sf See Ae She Vee HA Mee 
eee heer 
ee a Bet toss Cees 
_ ini aa q ey vi 
/ en ta ae 4 to 
f es ck | ae 
1 ee ee 
t | wi 2 ee ae ea pe ea 
j Cot ce aaa ae 
j Sie ares ee ie 
Camere a niet 4S, : 
Vinee eo) Ses 
eee ae tee 
URE oe 3 ales a ae 
ae Fe Tho ae 
° ae Se ae ae as 
f Sea ca) a an eee 
/ peo Aes See Ree ee. 
* yee eee | a 
are oe. eee tines 
/ 5 ee eS AES vee 
a ee. |: nme se Soe 
4 Ree): Sn pm ke) 
ae, TS a) ae! ak 
see Se ari 
ee ae ee ae : 
Ry eee eat ese 
é ees Ae Tf) Rane Baie Say a a. en 
~ (ep aREa co SY ech ta a 
f 3 Bec) Siege Wigithacre tee | ae e 
j ~ SI eo ONS SS | a 
j Peers = yl ee ae 
_— Bee nae 3 ey ae 
~ cr aes ae ae oy 
j ss, eee Ne” Fl eis. ae. 
j ie Seema Hs 
f Teh, Lee Bie Te al 
jf Cte, nae Oe 
~ ae aeey. _ Vv eee: tga 
ern, aes Sipe AS eo tt a= 
ey) ee eS er 
f fic Ss Se ee ith on oe 
y belo bey a i) a ee 
Re RE aaa es 
BS Saag ca a 
4 7 ONS Sa ae eae See 
o™ 4 Ae SR ee gi eee oh 
HT i CMI elo hh 
r( ™~ &. RY; Pitot al ye erts Pa aa Ae Sak hes 
" . WwW BuO tae ice ple ee me 
ee , Ch ree ee oe 8 SE oe ere 
ie 7, a a Cimeen! | NU Sa kt 
g Pini ct: i 2 ee a aN Dees 
Sa / A oe nampa aca 2 aaa 
“a ogee ts LNG SS aaeRe Reem, ame dee 
ld ee ee ee 
. fe oh en Te Ao FS 
Bani ra cians ree < eo ae 
is 7 Ora es i ae 
ents = eee a si 
ape i a ea Fae) ea 
ies e) 8)ger or aear ee 
* aD Ae a) a vag 
SR weet bY oe TE i 
Pe a ae 
th Bae key tron Ae waa aa 
Bee Sek awe ea ea eo 
Bs ee eR 
Leia Ce. oer ame 
picks, Da aetna, nF eee: 
: Z Psi 5 
7 ca eG as | ie ee 
Bre ena SS Mie “Se ES a ath 
ere tee ot een 
Ps ae wipes \ | ee 
py 9 ses ae im ) eee 
ater ea ee A Ste 
Aue <- eteee 3 ia Py | ar : 
SS ee ee ee See! |) aaa! 
a ae. | Seer 
Sie re ae ie aie Citi 
ai aes ane Sayegh Seo 
te... eed SANE 
: Tea “Rae be eo 
Re a 0 MS J Rie 3) “ dy gee ia i en eee eae ag ian ee . t : oe Fevee . ees Sea, hs = 
el: Ba! ik ee # Se a: aad ee Oe en Mee ba So eee ee eck 
A ey ea i 2 Gale > ew Soa Sa Sn ka echt ir TRE: gear iad SRY RRR. 0G cs 3 ia et? ela it a eae ad 2) Sri oh Ce 
or E Pik ee ese Capea Pe SEN ce hea | Aa a oN Te sae biceee . Pee oa 
See “eee se a Ne a. aa er eo hi or hans Durer tate © ae oe 8 ne ey 
vl a eee ee me: NON Re Ar ye iat ,o, Oy Se ee -- Pees ee Bit Tino ra 
ay Sa = ee ae ae 
re, 2 en a a 


NIKE-ZEUS 


Reperted successful R&D launchings of 
the US, Acmy anti-missile missile have 
demonstrated ‘the capability of its Thiokol 


booster to start the missile on its way to 


reach high altitttdes in seconds. The Zeus 
Thiokol motor boasts highest thrust of any 
single solid rocket if thesfree world. 


450,000 pounds. Thiokokmeans reliability! 


Prime Contractor: Western Electric. Miésile: Douglas. 
Booster Motors Propulsion Contractor\Thiokot—— 


THIOKOL 


Théeoko€. CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 
Rocket Operations Center: Ogden, Utah 


Nike-Zeus Motors produced at the Redstone Division 


ee 


stage X-17 (and the Afgus modification) 


/ [yf 
on its 32 successful/fights during vital re- 
/ / f 


entry tests, prelimipiary testing in the Polar- 


od 


j 


j oe 


is program and Project Argus. Thiokol 


_ 


means_reliabflity! 


Prime GontrActor> Lockheed. Propulsion Contractor: Thiokol 


VA / 


THIOKOL 


Vhieoko€, CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 
Rocket Operations Center: Ogden, Utah 


X-17 motors were built by the Redstone and Elkton Divisions 
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12 successful powered flights in 12 succes- 


sive drops. X-15 with Thiokol’s XLR WW en- 


ha 


aircraft. Speeds of over Mathr 3 over 100,000 


ft. altitudes a atic in early testing. In 
/~ a V4 
liquid and solid rocket propulsion systems, 


Thidepfredns reliability! 


Prime cortractor: North American. Propulsion contractor: Thiokol. 


THIOKOL 


Théeoko€, CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 
Rocket Operations Center: Ogden, Utah 


X-15 engine produced at Reaction Motors Division 


a cl gine has proven feasibilitt 
a Ce) 


, 


4 
s predeces- 


TWheoko€,, CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 
Rocket Operations Center: Ogden, Utah 


Mace Motors produced at the Utah Division 
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LITTLE JOE 


fully in all its developm 7 som 


powered by mee Sod motors, 
Pollux, Castor wa cert Working 
as a part of NASAs ifam, Thiokol 


has provided top pofrer at low cost. 


Thiokelmeans relié 


THIOKOL 


TWheoko€: CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 
Rocket Operations Center: Ogden, Utah 


Little Joe Motors produced at Elkton and Redstone Division 


Pate 4 out of 4—NASA‘s works in 
| Project Mercury has flows/success- 
a, 

. aE | 7 
| ee 


FALCON 


Operational sinde \o54, stored and 
fired in every co ndivabe climate, 
Thiokol solid jpropellant rocket 
motors have posted tecord reliability 
over a wide tempa¢rature range. 


In today’s Air Hdirce nuclear 
Falcon, Thiokol 
dependable! pow 


Thiokol means feliab 


Prime contractor: Hug is Prop 


Dtors provide 


—-—_—_—_—_ 


or defense. 


contractor: Thiokol. 


Theoko€. CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 
Rocket Operations Center: Ogden, Utah 


Falcon Motors produced at Elkton, Redstone and Longhorn Divisions 
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CHEMICAL CORPORATION 
BRISTOL, PENNSYLVANIA 


Rocket Operations Center 


Elkton Division 
Elkton, Maryland 


Longhorn Division 
Marshall, Texas 


Nuclear Development Center 
Parsippany-Troy Hills, New Jersey 


OGDEN, UTAH 


DIVISIONS 


Wasatch Division 


Tremonton, Utah 


Reaction Motors Division 
Denville, New Jersey 


Redstone Division 
Huntsville, Alabama 


Utah Division 
Brigham City, Utah 


DISTRICT OFFICES 


West Coast District Office 
690 North Sepulveda Bivd. 
El Segundo, California 


Central District Office 
333 West First Street 
Dayton 2, Ohio 


Eastern District Office 
839 17th Street N.W. 
Washington 6, D.C. 


Southeast District Office 
P.O. Box 131 
Huntsville, Alabama 


Southwest District Office 
Room 535 Braniff Building 
Exchange Park, Dallas, Texas 


Lancaster Office 
43321 North Sierra Highway 
Lancaster, California 


®Registered trademark of the Thiokol Chemical Corporation for its liquid 
polymers, rocket propellants, plasticizers and other chemical products. 
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Vicious Procurement Practices...? 


DOD Talks Back 


By G. C. Bannerman, Director for Procurement Policy 


The editors of Aircraft & Missiles 
received this letter from the Dept. of 
Defense after publishing an article, 
in June 1960 which was critical of 
DOD Procurement Practices. 

“Your letter of June 15, 1960, to 
the Honorable Thomas S. Gates, Jr., 
has been referred to me for reply. It 
concerns an article entitled ‘Vicious 
Procurement Practices in DOD?’ by 
Mr. Scott of the Garrett Corporation. 
This article is similar to the state- 
ment Mr. Scott made before the Sub- 
committee on Small Business and 
Government Procurement, Select 
Committee on Small Business, House 
of Representatives, during the hear- 
ings held by the Committee March 
29-31, 1960. In addition to Mr. Scott, 
Messrs. Robert R. Lent of the Stra- 
tegic Industries Association and John 
Marschalk, a consultant, also testi- 
fied at the hearings. Their testimony 
had certain points in common, and, 
at the request of the Committee, we 
responded to these common points in 
a letter to the Chairman. You have 
our permission to publish this letter 
as a response to Mr. Scott’s state- 
ment. Thank you for the opportunity 
afforded us to reply.” 


There are five points in Mr. 
Scott’s statement (“Vicious Procure- 
ment Practices in DOD,” A & M 
June 1960) that require comment. 

(1) Redefinition — It is stated 
that there is a need to redefine the 
term “proprietary data.” The defi- 
nition of proprietary data, which is 
stated in ASPR 9-201(b), is as 
follows: 


“*Proprietary data’ means data 
providing information concerning the 
details of a contractor’s secrets of 
manufacture, such as may be con- 
tained in but not limited to his man- 
ufacturing methods or processes, 
treatment and chemical composition 
of materials, plant layout and tool- 
ing, to the extent that such informa- 
tion is not disclosed by inspection or 
analysis of the product itself and to 
the extent that the contractor has 
protected such information from un- 
restricted use by others.” 


We are convinced that the “re- 
verse engineering” aspect of the 
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definition should be clarified so that 
government personnel will not 
classify data as “non-proprietary” 
just because the item can be reverse 
engineered with extensive engineer- 
ing and financial effort. The cost to 
the Government of reverse engi- 
neering is a clue to the proprietary 
nature of such data. So is the time 
such an effort would take. 

Change Needed—We recognize 
that the present definition is in need 
of change. Accordingly, if we are 
to retain the concept of “proprie- 
tary data,” the definition must be 
sharpened so that it will include any 
data not readily revealed by the 
product itself rather than only that 
data which is incapable of being 
reverse engineered. While this will 
require a change in language, it does 
not require a change in intention. 
The words “is not disclosed” in the 
above definition were never intended 
to describe a process of expensive 
and detailed reverse engineering. 
The fact that they have been so in- 
terpreted dictates the necessity to 
a change in definition. 

(2) Protection of Drawings—It 
is asserted that the government 
should give industry the protection 
of drawings and designs (whether 
or not proprietary) which industry 
gets when it deals with other in- 
dustry. 

This suggestion seems to em- 
brace the idea that we would obtain 
privately developed drawings under 
an agreement that they will be pro- 
tected like proprietary data solely 
because they were privately origi- 
nated. It is urged that they should 
be used only for the specified pur- 


poses for which they were obtained. 
This would create rights against the 
Government as to the use of draw- 
ings which might not include any 
proprietary information. 

At the moment, two pertinent 
and important objections to this 
proposal occur to us. 

The first is that it would put our 
contracting agencies in the position 
of having in their files complete de- 
scriptions, usually in the form of 
manufacturing drawings, of items 
which they must purchase. In many 
cases the descriptions would not 
contain any information which 
could not readily be copied from the 
product. But the drawings would 
still be under contractual protection 
against use for competitive repro- 
curement. In some cases the Gov- 
ernment’s needs can be met by the 
use of performance specifications 
not containing any design data. 
However, where it is necessary for 
the government to buy an addition- 
al quantity of equipment which is 
of identical design, the result of this 
proposal would be that the govern- 
ment could: (a) develop its own 
drawings from the equipment itself, 
(b) purchase the equipment on the 
basis of samples, or (c) purchase 
the equipment from the original sup- 
plier on a sole source basis without 
competition. The first alternative 
(a) is generally unsatisfactory, be- 
cause the Department is not staffed 
to prepare drawings based upon 
products we already own. The 
drawings would merely duplicate 
drawings containing no proprietary 
information which are already in 
our files. This would obviously be 
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DOD TALKS BACK . 


continued 


Terms of contract agreement must be read 
as a whole contract, not as separate 


requirements 


extravagant. It would waste the tax- 
payers’ money duplicating available 
information without giving any use- 
ful protection to inventors or inno- 
vators. 

The second alternative (b) is 
subject to these basic objections: 
The sample has to be displayed in 
one or more public places through- 
out the country, thereby necessi- 
tating varying amounts of travel by 
prospective bidders. The sample 
cannot be carried off to the engi- 
neering departments or individual 
bidders and disassembled for analy- 
sis and measurement. Finally pro- 
curement on such a basis leads to 
very frequent disputes based on per- 
formance variations or deficiencies 
which occur even though the design 
is copied. 

We are led directly to the third 
alternative (c), sole source procure- 
ment from the original supplier. 
The procedure in alternative three 
is very difficult for those of us who 
work for the Government to sup- 
port. It is not easy to explain why 
we should buy, without competition, 
an item for which we already have 
full information adequate for com- 
petitive procurement, when such in- 
formation is protected only by con- 
tract and would otherwise be in the 
public domain. If this third alterna- 
tive is the desire of the Congress, a 
clear statement of this legislative 
intention would be most helpful. 

The second objection to this pro- 
posal (government protecting draw- 
ing), stems from the fact that the 
government obtains information 
about products in many ways. We 
may make a series of contracts for 
a product and get drawings which 
are unrestricted under one of them 
with a restriction under the other. 
We may buy the product once with 
a restriction on the drawings with 
subsequent procurement by sample 
with drawings furnished without re- 
striction from the second contractor. 
Or we may, in some cases, reverse 
engineer a product on which we had 
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obtained drawings subject to re- 
striction. Any of these situations 
where we should have a perfectly 
valid right to use the drawings for 
competitive reprocurement would 
nevertheless be likely to lead to dis- 
pute and litigation. There would 
always be the suspicion that we had 
misused the protected drawings and, 
in some cases, an inference which 
would be difficult to rebut might 
arise in litigation. If the informa- 
tion in the drawings cannot readily 
be ascertained by others from the 
product itself, as in the case of “pro- 
prietary data” under the present 
definition, it is possible to pin-point 
responsibility for the use of draw- 
ings. However, where the informa- 
tion is readily evident from an ex- 
amination of the product, there will 
be disputes over the source of the 
data used in a subsequent procure- 
ment. Also, the firm which initial- 
ly designed the product will not, in 
fact, get the protection, in the form 
of continued sole source procure- 
ment, which is actually sought as 
the end product of this proposal. 

(3) Conflicting Documents—It 
is alleged that specifications (MIL- 
D-70327) and other subsidiary con- 
tract documentation requirements 
(MCP 71-673, SAR-400 and MCP 
71-77) nullify the ASPR data 
policy. 

Specification MIL-D-70327 Mil- 
itary Specification, Drawings, Engi- 
neering and Associated Lists (16 
March 1959) covers engineering 
drawings and associated lists pre- 
pared by DOD and by contractors. 
Its use is mandatory for all military 
departments. It provides the stand- 
ards for all engineering drawings 
received from prime contractors and 
subcontractors. 

This specification calls out the 
requirements for the various uses 
for which drawings are bought such 
as procurement, manufacture, test- 
ing, inspection, overhaul and repair, 
etc. Paragraph 6.2 requires a state- 
ment of the type of drawings and 


their intended use. Proprietary data 
is acquired in accordance with the 
terms of contract or order pursuant 
to paragraph 3.8. This means that 
proprietary data will be acquired 
only in accordance with the data 
policy and clauses set forth in ASPR 
Section [IX—Part 2. 

MCP 71-673 is a Spare Parts 
Provisioning Document for USAF 
Aeronautical and Associated Equip- 
ment Contracts. This document 
prescribes the terms and procedures 
for the selection and furnishing of 
spare parts under a given contract. 

MCP 71-77 (June 1959) en- 
titled “Engineering Data Require- 
ments for USAF Material and Ser- 
vices” establishes Air Force re- 
quirements for engineering data and 
microfilm. 

SAE-400 (24 April 1958) en- 
titled “Special Aeronautical Re- 
quirements, Supply Item Provision- 
ing Document for United States 
Navy Production Contracts” is a 
document prescribing terms and 
procedures for selection of supply 
items and technical data related 
thereto in Navy contracts using the 
document. 

To have any significance as a 
contractual requirement for furnish- 
ing data, these documents must 
first be incorporated by reference in 
a contract. When this is done, how- 
ever, this requirement is subject to 
all of the terms of the contract. In 
consequence, the following results 
flow. First, if the documents are in- 
corporated in a research and de- 
velopment contract, as described in 
ASPR 9-202.1 (c), that contract 
would contain (1) the Basic Data 
Clause, ASPR 9-203.1, and (2) the 
addition to the Basic Data Clause, 
paragraph (i), in ASPR 9-203.4. 
Under paragraph (f) of the Basic 
Data Clause the Government would 
receive unlimited rights to use all 
subject data as defined in paragraph 
(a) of the unlimited rights to use all 
subject data as defined in paragraph 
(a) of the clause which is delivered 
under the contract. Subject data 
may, therefore, include proprietary 
data; however, paragraph (i) elimi- 
nates the need for furnishing data, 
whether proprietary or not, if it per- 
tains to a standard commercial item 
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or service offered for sale or sold 
commercially by any supplier, pro- 
vided the item is identified as to 
source and its characteristics are 
furnished. 

Furthermore, paragraph (i) of 
the data clause specifically excuses 
the prime contractor from furnish- 
ing proprietary data for other items 
developed at private expense and 
previously sold or offered for sale, 
or minor modifications thereof, 
which are incorporated as com- 
ponents in the product. This is 
applicable to subcontractors as well 
as to primes. Therefore, this clause 
specifically overrides the data re- 
quirements of MIL-D-70327, MCP 
71-673, MCP 71-77, and SAR- 
400 as to such components. The 
terms of the contract agreement 
must be read as a whole contract, 
not as separate requirements. There 
is no contractual obligation on the 
prime contractor to obtain or 
furnish such excluded data. 

With respect to a contract for 
supplies, not having research or 
development as one of its principal 
purposes, the (i) paragraph in 
ASPR 9-203.4 is not used. Instead 
the (i) paragraph in ASPR 9-203.2 
is required. This is the “fail-safe” 
clause and was referred to in the 
testimony by that name. The “fail- 
safe” clause provides that, notwith- 
standing any Tables or Specifica- 
tions which may be included in the 
contract, “proprietary data” need 
not be furnished unless it is suitably 
identified in the Schedule of the 
contract as being required. Suitable 
identification of “proprietary data” 
is not accomplished by class des- 
ignation, nor is it accomplished 
by the use of MIL-D-70327, MCP 
71-77, nor SAR-400 none of which 
identify specific “proprietary data” 
and none of which is included in 
the Schedule. 

If the above is properly under- 
stood, it is hard to see how these 
subsidiary contract documents can 
be construed contrary to the express 
provisions of the required data 
clauses of the contract. It is up to 
informed Government and con- 
tractor personnel to see that this 
kind of contract administration 
does not occur. 
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For the benefit of vendors it also 
might be well to require primes in 
their purchase orders to state their 
contractual data obligations. 

(4) What Primes Need — It is 


alleged that vendors are being 
forced by prime contractors to give 
up privately developed data so that 
primes can satisfy what they con- 
ceive to be their obligation to the 
Government. 

Primes are under no obligation 
to deliver to the Government data 
which has been expressly excluded 
by the data clauses in their con- 
tracts. The fact that in a research 
and development contract, data is 
acquired subject to unlimited rights 
means only that unlimited rights 
apply to the data which is con- 
tractually required. There can be no 
limited rights in such a contract. 
Therefore, the purpose of the policy 
is served by exclusion of certain 
data from delivery requirements. 

The flow-down of unlimited 
rights in data from the prime to 
vendors relates only to that data 
which is required by contract. That 
which is obtained under research 
and development contracts is with 
unlimited rights but the data clause. 
has designated which data are not 
required. Obviously we do not get 
unlimited rights in data which is 
not required to be furnished at all. 
There is nothing to attach rights 
to. This must be understood by 
primes, their vendors and by 
Government personnel. 

(5) Two Sets of Drawings—It is 
alleged that industry is forced to 
have two sets of drawings; one fully 
suitable for manufacture and the 
other having “proprietary data” 
omitted or blocked out of the draw- 
ing. 

As has been already explained, 
the data policy applicable to supply 
contracts will frequently not provide 
information suitable for complete 
manufacture by the government nor 
for reprocurement from other firms. 
This is deliberately so. It results 
from the exclusion of “proprietary 
data.” Accordingly, it was con- 
cluded, when Part 2 of Section IX 
was drafted, that, if we do not want 
drawings for manufacture by the 
government nor for reprocurement 


from others, there should be very 
little demand for manufacturing 
drawings for any purpose. Hence, 
it was stated in ASPR 9-202.1 that 
“It is the policy of the Department 
of Defense . . . to limit demands 
for data to that which is essential 
for government purposes. The 
activity responsible for initiating 
a purchase request . . . will care- 
fully determine the use contemplat- 
ed for the data to be acquired and 
will specify only such data as is 
determined to be necessary to 
satisfy such use . . .” This policy 
left us free to buy maintenance 
manuals, operational instructions, 
cataloging descriptions and the like 
but would not normally have re- 
quired manufacturing drawings. 
Under such circumstances there 
would have been no question of a 
second set of drawings. 

Contemplated Action — It is 
clear that many procuring agencies 
are still calling for manufacturing 
drawings in supply contracts. We 
do not feel that either we or our 
friends in industry have at hand 
adequate facts on which to appraise 
the validity of these government 
demands for manufacturing draw- 
ings. 

To properly assess this question 
we are proposing an extensive sur- 
vey of activities for which such a 


- need for manufacturing drawings 


has been claimed. These activities 
will include some concerned with 
maintenance, cataloging, supply 
management, inspection, provision- 
ing and the like. It is hoped that 
this survey will point the way for 
a more positive statement of our 
policy. It may eliminate the prob- 
lem of two sets of manufacturing 
drawings by requiring either one 
complete set or no manufacturing 
drawings at all. 


° 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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NASA's Project Echo 


—A Worldwide Laboratory Tool 


Passive satellite tests directed at studying feasibility 
of larger inflatable structures for improving communications 


TELEMETRY RACK, with folded pole-antennas is seen below magnesium 
container of Echo sphere. At orbit injection, antennas spring up and lock. 
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Channels for global communi- 
cation are as overcrowded as the 
road networks around the world. 

Project Echo is man’s first at- 
tempt to seek a solution off the 
beaten channels. Credit for the first 
concrete recommendation on use of 
satellites for communication goes to 
John R. Pierce of Bell Telephone 
Labs. Bell, under contract to 
NASA, has joined with NASA’s Jet 
Propulsion Lab for a major role in 
Project Echo. 

As director of this experimental 
project, NASA has invited inde- 
pendent researchers in communica- 
tions, throughout the world, to en- 
gage in experiments of their own; 
NASA will assist interested experi- 
menters by giving them tracking 
data. 

Payload—Echo payload, devel- 
oped by NASA’s Langley Re- 
search Center, consists of an 82- 
gore plastic sphere 100 ft in diam. 
Material is 0.0005-in. Mylar poly- 
ester film covered with vapor-de- 
posited aluminum. Before launch, 
sublimating powders are inserted in 
sphere: 10 Ib of benzoic acid for 
initial expansion and 20 lb of an- 
thraquinone for sustained inflation. 
The sphere is folded accordion-like 
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and packed into a 26%-in. diam 
magnesium container; both sphere 
and container are evacuated to de- 
crease inflation rate at altitude. 

Two wafer-like tracking bea- 
cons, 11 oz each, are attached to 
opposite sides of sphere equator. 
With a power output of about 10 
mw, they transmit either on 107.97 
or 107.94 mc depending on which 
of two payloads is used. Each bea- 
con, about 10 in. in diam and %- 
in. thick, has 70 solar cells and five 
nickel-cadmium batteries. A small 
whip antenna, coiled into a spiral 
groove in each beacon, springs out 
from side of sphere on inflation. 

Satellite’s internal pressure at 
altitude is estimated about 0.00004 
Ib/in.2—at least 25,000 times the 
pressure due to solar radiation and 
air drag. How much these forces 
would influence the velocity and 
orbit at about 1000 miles altitude 
is of great interest to scientists. This 
can be done by comparing orbital 
data of the sphere with the third- 
Stage casing of the Delta launch 
vehicle. 

Stations—Primary stations tak- 
ing part in this communications ex- 
periment are: Bell Telephone Labs’ 
(BTL) facility at Holmdel, N. J., 
and the NASA JPL’s Goldstone 
station, Calif. Radio signals are 
bounced between the East and 
West Coasts of the U. S. via the 
orbiting satellite. 

Following establishment of ac- 
curate orbit by beacon, radar, and 
optical tracking, voice modulation 
transmission was accomplished us- 
ing frequency modulation (FM) 
techniques. 

BTL’s transmission frequency is 
960 mc/s for reception at Gold- 
stone; JPL’s is 2390 mc/s to BTL. 
Equipment at Goldstone includes 
two 85-ft-diam, paraboloid anten- 
nas—one a receiver and the other a 
transmitter. BTL transmitter is a 
60-ft dish and receiver a special 
horn-reflector antenna. This anten- 
na, which looks generally like the 
scoop of a steam shovel, is a recent 
development designed to cut down 
radio noise interference. 

Communications equipment of 
both JPL and BTL have been ex- 
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ECHO LAUNCH SEQUENCE 
MASA . DOUGLAS DELTA VEWICLE 


DELTA VEHICLE launch and orbit-injection phases shown. 
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Radio Guidance 


ercised by bouncing signals between 
them via the moon and the Tiros I 
meteorological satellite. 

Tracking activities are under 
the overall direction of NASA’s 
Goddard Space Flight Center. An 
IBM 709 computer at NASA-God- 
dard Space Flight Center in Green- 
belt, Md., aims radio antennas, on 
both coasts, at the satellite and 
indicates when to bounce signals. 

A Question Remains — Echo 
sphere will be in continuous sun- 
light for about two weeks. After 
this, satellite’s orbit and Earth’s 
rotation around sun will bring the 
sphere in the Earth’s shadow. 

Sunlight plays an important part 
in maintaining sphere’s shape. The 
sublimating powders turn into gas 
at temperatures slightly above freez- 
ing; out of sunlight, temperature of 
satellite will be well below freezing. 
In continuous sunlight the sphere’s 
temperature will average about 
239°F. 
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Once out of sunlight, gases 
keeping the satellite inflated will 
return to a solid state. Scientists 
are interested to learn if and in 
what form the satellite will re- 
inflate when returning to sunlight. 
There is a question as to the amount 
of sublimating powders remaining 
after two weeks. Some will have 
seeped out through whatever 
punctures exist from micrometeo- 
rites. Unless the satellite returns to 
its spherical shape, it will not be 
useful for communications because 
of the non-uniformity of reflected 
signals from a misshapen surface. 
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A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila. 39, Pa. 
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Numerical Control Gaining 


Boeing offers industry special services; 
Chandler-Evans goes to tape philosophy—takes out guesswork; 
Aeronca uses punch cards—reduces need for special tooling; 
Aerojet machines Polaris parts to closer tolerances, cheaper 


By S. Peter Kaprielyan 


Problem of survival in the aero- 
space industry has boiled down to 
the fundamental weapons of effi- 
ciency’and economy. To implement 
these weapons, companies are ex- 
ploring numerical-control produc- 
tion methods with mounting in- 
terest. 

After six years of investigation, 
Boeing-Wichita boasts 21 numeri- 
cally controlled machines of eight 
different types. Among these are: 
two types of profile mills—a Morey 
unit guided by magnetic tape (Gen- 
eral Electric system) and three 
Kearny & Trecker profilers run by 
punched tape (Bendix system); three 
huge K & T skin mills, for the 80- 
ft wing skins of the B-52, controlled 
by magnetic tape; five Milwaukee- 
Matics (automatic tool changers); 
four Driv-Matic automatic riveters; 
one Pratt & Whitney three-spindle 
Keller profiler; two Jones & Lam- 
son lathes; and two Pratt & Whit- 
ney jig borers. 

“From this variety and depth of 
experience the company has found 
that numerical control offers high- 
quality, close tolerance results that 
surpass template methods in lead 
time, shop man-hours, and savings,” 
states Robert C. Wilburn, Manager, 
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Boeing Applied Computing Ser- 
vices. 

Another new facet at Boeing is 
the use of two company-designed 
devices for verifying the tape—both 
its condition and the accuracy of its 
signals. One of these tests mag- 
netic tape via oscilloscope, audio, 
and oscillograph. The other device 
is an electronic plotter-verifier. A 
stylus traces a full outline of the 
part “described” on the tape. 

Services Offered—Other com- 
panies now seek Boeing’s help and 
advice. Boeing formed a commer- 
cial service, known as BACS—the 
Boeing Applied Computing Ser- 
vices. The organization offers ser- 
vices in all phases of numerical con- 
trol— machine programming of 
parts, tools dies and templates, and 
the complete preparation of tapes. 
BACS also provides consulting ser- 
vices, personnel training, tape veri- 
fication, product design and all 
related programs in data processing. 

“We have found that the great- 
est potential for eliminating de- 
cisions can be found in the tape- 
operated machine,” says Thomas 
Linder, Jr., V.P. Manufacturing, at 
Chandler-Evans. “Since our most 
complex parts are housings that 
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require the longest lead time, we 
have applied the tape philosophy to 
this area. Somz2 housings run over 
200 individual operations with some 
repeated 8 to 10 times per housing. 
Based on a one per cent human fac- 
tor, no casting could be machined 
to completion without at least two 
dimensional errors. In addition, 
due to schedule pressures, there was 
always the danger of skipped opera- 
tions.” 

First effort at Chandler-Evans 
toward tape control was to install 
black boxes on Potter & Johnston 
semi-automatic lathes. These con- 
trolled only the speeds and the feeds. 
As a result, the area of possible 
error was reduced appreciably. An- 
other important application of tape 
control is used on Burgmaster tur- 
ret drills. Now, one operator han- 
dies two machines. 

In the prototype department, a 
Pratt & Whitney numerically-con- 
trolled jig borer eliminated hesita- 
tion between cuts. The operator no 
longer has to measure the last cut, 
compute the next location, position 
the tool and then recheck for ac- 
curacy. In a typical case, machin- 
ing was reduced from 50 hr per 
piece to 32 hr. 
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Attractive Figures — Possibly, 
the most spectacular benefits reaped 
from adopting numerical control, 
have resulted from the installation 
of a Kearney & Trecker Milwaukee- 
Matic. This machine accommodates 
one tool in its spindle and thirty 
more in its automatic revolving 
drum. By tape, it positions the ma- 
terial to be cut, searches out the 
correct tool for the cut and changes 
the tool in the spindle. This assures 
at least thirty-one continuous mill- 
ing, drilling and boring operations 
with no manual handling of parts or 
tools, or changing of jigs or fixtures. 
Here are figures that dramatically 
illustrate the savings realized in the 
production of latest-type unitized 
fuel-control units: 

Three main housings on this unit 
are the flange, the cover and the 
body. Set-up time on the cover was 
chopped from 21.1 to 6.0 hr. Cover 
tooling costs cut from $10,285 to 
$3445. Cycle time was shortened 
from 103.5 min. to 82.7. On the 
body, tooling costs were sliced from 
an estimated $17,830 to $5200 and 
cycle time from 247.6 min. to 
104.5. Furthermore, to meet tough 
lead time schedule, 247 castings 
were machined on the Milwaukee- 
Matic in 14 days; 65 individual 
operations were performed on each 
casting for a total of 16,055 opera- 
tions. Of this number, six were out 
of print dimension—all six were 
salvaged. 


Punched Cards Do It—When a 
sudden design change required a 
shift from aluminum to steel hinges 
on the B-52-G wings, numerical 
control came to the rescue at 
Aeronca Manufacturing Corp., 
Middletown, Ohio. These hinges 
measure only 10 x 4 x 3 in., but are 
highly complex parts with thin 
webs, pockets with sloping bottoms, 
and many angles. A numerically- 
controlled Cincinnati Hydrotel is 
hogging them out of blocks of 4340 
steel. 

The entire machining sequence 
was worked out with the aid of a 
desk calculator and trig tables. The 
job was programmed for approxi- 
mately 80 hr of programmer’s time. 
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TAPE-CONTROLLED Pratt & Whitney jig borer, at Chandler-Evans, 
performs a succession of operations automatically, on main housing for 
Ceco fuel pump. 
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NUMERICALLY-CONTROLLED Kearney & Trecker profile mill is one 
of 21-machine complex used at Boeing-Wichita. 
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NUMERICAL CONTROL ... 


continued 


Target-missile bulkheads profiled economically 
on vertical Hydrotel with three-axis contour control 


\ \ - | 


SPOILER HINGE for B-52-G is shown in rough-machined form. Numeri- 


cally-controlled Cincinnati Hydrotel, at Aeronca hogs such hinges out of 
4340 steel. 


MACHINING TIME of three hours is required to mill each spoiler hinge. 
Three cutter changes are required with a %4 in. roughing end mill, and 
% in. finishing end mill. 
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It is set up on 1800 punched cards, 
arranged in two decks for roughing 
cuts and two decks for finishing 
cuts. The same cards are used for 
either hinge side, the numerical con- 
trol circuitry making the necessary 
mirror image conversion. 

It takes three hr of machine 
time with high speed tools to mill 
each hinge, including three cutter 
changes—a % in. roughing end 
mill, and % in. and % in. finishing 
end mills. A switch to carbide cut- 
ters will cut machining time to less 
than 1 hr per part. 

Aeronca is also faced with the 
challenge of producing a limited 
number of target missiles economi- 
cally and still meet a tight produc- 
tion schedule. One of the problems 
encountered was the complex ma- 
chining of a 7075-T-6 aluminum 
internal bulkhead. It has tapered 
sides and restricting radii at the 
corners and bottom surface. 

The internal pockets are pro- 
filed on a Cincinnati 30 x 52-in. 
vertical Hydrotel equipped with 
Acramatic 3-axis contour control. 
Two machining operations complete 
the profiling. Roughing is done with 
a standard one-in. diam two-flute 
end mill to remove excess material 
and gain a flat bottom surface. Fin- 
ishing cuts use a %2-in. diam, two- 
flute end mill ground with a 15 deg 
taper and 0.090 radius, to blend 
with the bottom surface. All di- 
mensions are held to +0.005 in., 
with a finish of 125 RMS. 

Tool path was plotted on a 
Friden desk calculator in a day. 
Card preparation and first part ac- 
ceptance required two hours. 

One very important cost reduc- 
tion is noted. In the absence of 
tooling, standard clamps and locat- 
ing bushings were used. Manufac- 
turing lead time was reduced con- 
siderably. 

Views expressed by Robert M. 
Russel, Supervisor, Tool Design, 
National Vulcanized Fibre Co., 
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HOLE DRILLING in silicone-glass laminate by 
merically controlled Burgmaster turret drill has upped 
quality and cut costs at National Vulcanized Fibre Co. 


concur with those of other numeri- 
cal control users: “Taking the hu- 
man element out of machining plas- 
tics alone means significant savings 
for us. The machine operator is 
not responsible for selecting the 
proper feeds and speeds. These are 
selected by a process engineer. Be- 
cause optimum rates are  pre- 
selected for each run, tool life is 
considerably extended.” 

A typical job at National was 
an aircraft computer part—a sili- 
cone-glass laminate bulkhead with 
36 holes drilled from each side. 
Formerly, it required a drill jig 
which cost $160 and took a week 
to design and build. Ten different 
drills were required and it was not 
uncommon to find a hole missing in 
a completed part. Also, inaccurate 
positioning of the drill jig some- 
times allowed smaller drills to veer 
off center and ruin the work. This 
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operation is now done on the Burg- 
master turret drill by numerical 
control; no drill jigs are needed and 
rejects are greatly reduced. 

Another unsolicited testimonial 
on behalf of numerical control came 
recently from Aerojet-General, pro- 
ducing hardware for Polaris. Here, 
numerical control is used with a 
Giddings and Lewis three-dimen- 
sional, planer-type profile mill to 
make integral chamber heads and 
closures. 

“Our results with numerical 
control have been even better than 
we had hoped,” explained J. O. 
Brigleb, Manager, Inert Parts Man- 
ufacturing, Solid Rocket Plant. His 
summary of achievements through 
numerical control follow. 

@ Fabrication time of vital 
parts is shrunk by two-thirds. 

@ Production base is broad- 
ened, to the extent that several 


nu- POLARIS PART production has been speeded up and 
tolerances have been tightened by using numerically 
controlled Giddings & Lewis 3-D miller at Aerojet. 
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vendors can, through numerical 
control, furnish truly identical parts. 

@ Design changes are incor- 
porated quickly, without affecting 
the basic tooling. 

@ Wall thickness of contours 
kept to +0.002 in. has resulted in 
weight saving of 8 to 10 Ib per part. 
Cumulative errors incurred pre- 
viously through use of templates 
and models are now eliminated. 

@ Numerical control has 
proven out so well that the concept 
may soon be extended also to the 
manufacture of Polaris inert hard- 


ware. 
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A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila. 39, Pa. 
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The Pureco CO, Blast Cold process is a simple, 
efficient low cost method of refrigeration for low 
temperature test chambers. Direct injection of 
Pureco carbon dioxide liquid drops temperatures 
to required levels in a fraction of the time re- 
quired by mechanical units. Cooling is produced 


VW | by vaporizing a jet of liquified COz directly into 
H U R EC 0 C the chamber. 
eee 9 


Extremely close tolerances maintained. 


464 Temperatures are automatically controllable 
Ri I 7 J hd within limits closer than government testing 
a B £ y i y standards require. Pureco CO. Blast Cold starts 


immediately at maximum rate the instant valves 
cycle on—stops the instant CO2 flow is cut off. 


Low capital expense ...low operating cost. 
No heavy investment required for equipment. . . 
installation is simple and space saving. Equipment 
is trouble-free. There is virtually no possibility of 
mechanical failure. 


| | : co Direct or Indirect Cooling. 
P dy 


COz liquid may be injected or DRY-ICE placed 

: directly in a chamber—used to cool a circulating 
air stream or a non-freezing solution for indirect 
cooling. 


Have a trial Blast Cold demonstration. 


Pureco would like to demonstrate Blast Cold to 
you at your plant under your working conditions, 
q ‘ with no obligation on your part. Pureco’s Tech- 
nical Sales Service will provide any assistance you 
CO, is Best... For Test need to help solve your low temperature testing 
problems. 


Se a a a 


* Actual Pureco Test 


CmEBLD, PRPuoRE CARBONIC 


Pure Carbonic Company, A Division of Air Reduction Company, Incorporated 
Nation-Wide Pureco COe2 Service-Distributing Stations in Principal Cities 
General Offices: 150 East 42nd Street, New York 17, N.Y. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 
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Strange things happen to a man when you strap 
him in and shake him like a can of paint. 


Why? 
What causes his involuntary reactions? 
How much can he take? 


What moves do you make to counteract the con- 
ditions he will face? 


Every day, our Research Engineers probe for 
answers to these and thousands of similar 


ALL SHOOK UP IN 


Electronics Propulsion 
Structures Mechanical Equipment 
Aerodynamics Flight Test 
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Equal job opportunities for all qualified applicants 


Aircraft & Missiles ¢ September 1960 


questions. It’s exciting, challenging work in a 
field where the questions still far outnumber 
the answers. We need Senior Engineers who can 
help speed up the search. 


In fact, BOEING WICHITA is looking for a 

select group of advanced engineers in six major 

technological areas — plus New Product De- 

sign. The rewards are great, and the standards 

are high. If you’re ready for the big move, 
we'd like to hear from you. 


THE SHAKE SHACK! 


Write in confidence to: Mr. Melvin Vobach 
Dept. OB9, Boeing Airplane Co. 
Wichita 1, Kansas 
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Work-Horse of The Satellites 


Discoverer XIII successful orbit and re-entry capsule recovery 
establishes feasibility of space-capsule delivery from orbiting vehicles; 
Purpose of overall program is to test spectrum of basic satellite functions 


By Philip Geddes 


AGENA 
\ > VEHICLE 


DISCOVERER/ AGEN 
Thor IRBM training sites at Vandenberg Air Force Base. Here the Agena 
satellite vehicle and its Thor booster are being erected into launch position. 
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On August 11, fishing of 
Discoverer XIII capsule from tar- 
get area northwest of Hawaii 
marked a turning point for this 
program. This event bolstered 
Air Force's earlier contention 
that recovery techniques should 
not have been blamed for the 
failures originating before the 
de-orbit phase. 


First Discoverer space vehicle 
was orbited on February 28, 1960; 
twelve more firings in the series 
have followed. Most widely pub- 
licized aspect of Discoverers has 
been the failure to recover the sec- 
ond stage—Agena’s payload from 
orbit. What has been accomplished 
by the thirteen launches? 

Discoverer program is an “open 
end” R&D effort originally planned 
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for a small number of shots. Ob- 
jective was to derive a design base 
for later military satellites, namely 
Midas and Samos. “Payload re- 
entry and recovery were secondary 
objectives, not ends in themselves. 
The value of Agena vehicles has 
been proved.” That statement repre- 
sents both Lockheed’s and the Air 
Force’s outlook on the subject of 
recovering capsules. Unfortunately, 
in the popular view such remarks 
are open to suspicion as cover for 
costly failures. On several occasions, 
claiming success in failure has had 
a hollow ring, yet there has been 
considerable achievement in Dis- 
coverer series. 

Agena Into Orbit — Thor has 
proved a reliable booster. (Table I.) 
But Thor is not the most desirable 
first stage for launching satellites by 
virtue of its restricted payload ca- 
pacity. 

Agena vehicle, used as the orbit- 
ing second stage in Discoverer, was 
intended originally for Atlas boost- 
ers equipped with full radio-inertial 
guidance systems. Thors were avail- 
able for experimental work-horse 
use with proven reliability—Atlases 
were not. A decision was made to 
use modified Thors for orbiting Dis- 
coverer vehicles. Midas and Samos 
systems could not be carried on a 
Thor orbited Agena, but at least the 
basic Agena could be injected into 
orbit even if lower than intended for 
the reconnaissance satellites. Thus, 
the basic vehicle could be debugged 
and experience gained. For the 
Discoverer program, in the interest 
of weight saving, the normal Thor 
guidance system was reduced. Thor 
booster follows a tape-programed 
ascent trajectory using only the 
autopilot for attitude stabilization. 
Weight capacity is made up again 
on the Thor by allowing booster fuel 
to burn to near exhaustion, instead 
of cutting off thrust at a required 
velocity. 


Orbit-Injection Phases 


(1) Thor boosts Agena along 
pre-programed trajectory — apogee 
equal to required injection altitude; 
azimuth determined by required or- 
bital plane. At Thor thrust termina- 
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AGENA SATELLITES are shown going through final modification and 


checkout at the Lockheed Missile and Space Division’s facility at Vanden- 


berg Air Force Base. 


tion, Agena separates from booster. 
Discoverers are fired into a roughly 
polar orbit from Vandenburg. 


(2) In coast phase, after separa- 
tion from Thor, Agena horizon 
scanner and inertial system signals 
turn vehicle to local horizon and 
keep it there. This is much more 
difficult than fixed stabilization in 
space, as in deep-space satellites. 

(3) Tracking information is 
computed from Thor performance. 
Based on this, the required Agena 
velocity increment is determined, 
and ignition instructions trans- 
mitted. Correct injection velocity 
into orbit is achieved by the Agena, 
at the Thor booster apogee height. 
This injection point is then the 
perigee of the satellite orbit (aver- 
age 121 miles for the series). 


Precision Needed—Utmost pre- 
cision is required in velocity and 
flight path at injection into orbit; 
this is because relatively low alti- 
tudes are involved in Discoverer 
program. No other satellite program 
has attempted to deliberately achieve 
such low orbits with maximum pay- 
load. Despite handicaps in booster 
guidance and weight limitations, 
seven Agenas have achieved orbital 
velocity out of possible ten. Thor 
success can be measured in ten out 
of twelve firings. At an altitude of 
120 miles, an angle error of —1.1 
deg or velocity margin lower than 
100 ft/sec below circular orbit fig- 


ure, will result in failure to com- 
plete first orbit. With an injection 
velocity of about 25,000 ft/sec, 100 
ft/sec error represents roughly 0.4 
per cent. 


Agena guidance system can con- 
trol injection angle to much less 
than the limits shown in Table I. 
It should be noted that the 24% deg 
error on Discoverer I would have 
caused failure if perigee had not 
been higher than on subsequent 
shots. Discoverer I did not use a 
horizon scanner. 


Agena Systems—Engine is made 
by Bell Aircraft, designed as power 
source for B-58 Hustler pod. Deliv- 
ers 15,000-lb thrust for 120 sec. 
Early version used JP-4 and red 
fuming nitric acid, later changed to 
UDMH giving improved specific im- 
pulse. Agena B under development 
will have larger tanks, higher per- 
formance engine with restart capa- 
bility. Engine has never failed to 
start on command. 


Stabilization to the local verti- 
cal during phase (2) of injection and 
orbit is made by reference signals 
from an inertial reference package 
with a coupled infra-red horizon 
scanner. Command signals are also 
transmitted from the ground. Sys- 
tem combines position signals from 
three orthogonal position gyros with 
rate information from three orthogo- 
nally mounted rate gyros. Force to 
change vehicle attitude in pitch. and 
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WORK-HORSE SATELLITE . . 


. continued 


Orbit prediction made from initial radar track 
modified by data from subsequent passes 


yaw during powered flight, comes 
from swivelling the main engine noz- 
zle by means of two hydraulic 
servos. During coast and orbit, 
error signals from the stabilization 
controls activate cold gas reaction 
jets on the side of the Agena. Dry 
nitrogen gas (N2) mixed with tetra- 
fluoromethane (CF,), stored at high 
pressure in titanium spheres, does 
the job As the cold gas system is 
not designed to overcome Agena 
engine asymmetry, it is locked out 
during powered flight. 

During guidance into orbit and 
subsequent orbit, tape - programed 
signals torque the position gyros in 
intertial reference package to cor- 
rect errors in injection trajectory. 
Compensation for the continuous 
change in orientation in space to 
maintain fixed reference to the local 
vertical is obtained by continuously 
torquing-in about 4 deg per minute. 
Since the 4 deg rate is only an 
approximation of the actual re- 
quired pitch rate, additional com- 
pensation must be provided, plus 
compensation for gyro drift in the 
inertial reference package. This 
compensation is provided by the 
infra-red horizon scanner. Probable 
drift rates and errors in Discoverer 
are held down to approximately 1 
deg in pitch, 0.5 deg in roll, and 
1.5 deg in yaw. 

Stabilization system for the Dis- 


coverers orbited, has worked re- 
markably well. In five Discoverers 
the system worked as called on, on 
five others failure lay outside the 
stabilization system. On two others 
there was a tenuous link between 
this system and failure. On dis- 
coverer VII an auxiliary power sup- 
ply defect upset the IR scanner and 
prevented stabilization on orbit. 
Discoverer VIII Agena engine did 
not shut off as planned. The satel- 
lite went into a highly elliptical orbit 
causing the stabilization gas supply 
to become exhausted. 

Midas and Samos can only per- 
form properly if the satellite is a 
steady platform. No U. S. satellite 
earlier than the Discoverers was 
fully stabilized. At best, primitive 
stabilization only was achieved 
through spin rockets. 

Lessons Learned — Agena ve- 
hicle moves in a low orbit. Predic- 
tion of orbit is made from the initial 
firing radar track and modified by 
data from later passes. Some idea 
of the precise position reporting 
achieved with Discoverers can be 
shown by reference to No. XI. Af- 
ter the first pass, predictions could 
be made of time of arrival at sub- 
sequent check points within one 
sec. Capsule recovery signal on, 
seventeenth pass, was given within 
five sec of the planned time after a 
total orbiting time of about 27 hr. 


For the capsule, five sec error means 
nearly a 25-mile distance error from 
the planned recovery point. Predic- 
tion of low-altitude orbits is com- 
plicated by the simple spherical 
Earth-motion and the oblateness of 
the Earth, plus oblateness of the 
satellite’s orbit complicated by or- 
bital decay through drag. 

Midas and Samos, as with most 
applications of Agena vehicles do 
not require re-entry provisions. 
However, on all Discoverer satel- 
lites after No. I, recovery was an 
objective. From Table I we see that 
capsule separation was only pos- 
sible in the first place from six 
Agenas. Separation was successful 
on five of these attempts. Failure 
came later down the sequence. The 
separation and reentry phase be- 
gins when a timing device on the 
vehicle, on about the seventeenth 
pass over the Earth, starts the fol- 
lowing actions: 


(1) Whole Agena vehicle pitched 
to 60 deg from horizontal, by gas 
jets. 

(2) Separation of capsule from 
Agena occurs through explosive 
bolts and springs. 

(3) Retrorockets in re-entry ve- 
hicle slow it down to the correct 
velocity for the trajectory back into 
Earth’s atmosphere. 

(4) At proper altitude “g” switch 
operates to open parachute and re- 
lease spotting chaff for easier radar 
detection. 

(5) Recovery planes air snatch 
target. Ships home on marker bea- 
con if capsule lands at sea. 


DISCOVERER SATELLITE PHASES—LAUNCH THROUGH RECOVERY 


Agence ignition 
Command @ Control 
Guidance 


Agena 
Separation 
And Coast 


a 


Thor 
Lounch 
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Orbit Injection 


ap --a-- -ORBIT --- > 


™~ Telemetry 
Tracking 
f tree 
Performance 
4 
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Successful integrated 
Communicetion Network 


Attitude Reorientation 


Orbit Tracking 
Orbit Telemetry 
Auxiliary Power 
Command 
Attitude Control 


Capsule Separation 


Weight On Orbit 
Per Vehicle : 
1500 - 1884 Lbs 


Reorientation 


oi > <<, 


Capsule Telemetry 


Retropropulsion 


Reentry 
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Recovery problems—Assuming p 
reasonable orbit, problems start with | 
the timing cycle. Every second of 
timing error means five miles error 
at pickup point. The narrow re- 
covery band can easily be missed. 
Recovery glide angle followed is 
critical at approximately 3% to 
1% deg. If angle is too steep, vehi- 
cle decelerates too rapidly and is 
subject to higher heat rates than 
desired, even if for a shorter inter- 
val. If angle is too shallow the dis- 
persion of impact points is spread 
out. Under these circumstances, 
capsule is much more difficult to 
find. A compromise has to be 
worked out between these two, cost ~ 9 aes ¢ 
dictating the extent of the latter a 
search operation. The greatest prob- | RE-ENTRY VEHICLE is being mated to Agena’s main structure. Separa- 
lem then, is the critical vehicle tion is effected by a series of springs and explosive bolts actuated by a 
alignment and retro-thrust applica- | timing device. Ground controllers adjust timing device by radio command 
tion to achieve 3% deg at the right while satellite is on orbit. 
time. Five Discoverer capsules have 
separated from the Agenas. Three 
capsules, V, VIII, and XI have been 
tracked after separation. Capsule 
VIII and XI telemetering data 
shows proper functioning of critical 
components. On all three the retro 
impulse was applied but not ac- 
curately enough for re-entry into the 
recovery area. 


Summary of Defects 


Discoverer I was not intended 
to go all the way after orbit and can 
be regarded as a first step in prov- 
ing basic feasibility, of Thor/Agena 
combination. 

Discoverer II. Orbited. Timer 
in vehicle was set incorrectly, there 
was no component failure but cap- 
sule released in wrong place. Cap- 
sule reported landing in Spitzbergen. 

Discoverer Ill & IV. No orbits. 
System error in which “a two-ton 
truck was trying to carry a five ton 
load” orbital speed too low to 
achieve orbit. Margin of velocity 
error large in III but very slight 
in IV. 

Discoverer V. Orbited. Capsule 
temperature in flight fell to about 
24 deg F on the fifteenth orbit after 
which capsule was ejected. Tem- 
perature was too low for operation - - — — 
of batteries at full power. Result NOSE-CONE AFTERBODY is being fitted with its instrument wiring 
was component failure—-V is harness prior to installation on cone. 
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WORK-HORSE SATELLITE . . . continued 


Know-how gained from Discoverer project 
is directing thinking on Project Mercury 


thought to be the mystery satellite 
picked up on radar six months later. 

Discoverer VI. Orbited. Tem- 
perature problem in V was thought 
overcome in VI by changing coat- 
ing on the capsule. In orbit tem- 
perature showed small rise but bat- 
teries still failed to operate to per- 
formance level required. Later birds 
were fixed by installing a thermo- 
stat-controlled heater to hold tem- 
perature to 80 deg F. 

Discoverer VII. Orbited. Seri- 
ous component failure in Agena 
auxiliary power supply. The 400 
cycle current to IR scanner and 
separation mechanism cut off. This 
was first Agena component failure. 

Discoverer VIII. Highly ellipti- 
cal orbit resulted, and altitude con- 
trol gas exhaustion followed. 

Discoverer IX & X. No orbits, 
due to Thor booster component 
failures. Discoverer IX Agena also 
failed to perform as required. 

Discoverer XI. Orbited. Agena 


trajectory. 


ponent failure. 


recovery. 


component failure at re-entry (un- 
known) causing improper re-entry 


Discoverer XII. No orbit. Seri- 
ous problem in Agena attitude con- 
trol system. Cause has been isolated. 
Electrical problem experienced for 
the first time unrelated to a com- 


Analysis—After Discoverer VI 
recovery failed, a detailed analysis 
of recovery systems was undertaken. not. 
The design was reviewed by people 
outside the project and components 
were tested. Some “possible con- 
tributing causes” were found and 
fixed, but the essential design re- 
mained unchanged. 

A similar review was under- 
taken after Discoverer XI. Since re- 
covery could no longer be held a e 
secondary objective, 
was made in XII to bring back all 
the data essential to separation and 


A serious attempt was made to 


an attempt 


tighten the air/sea recovery system. 
More ships and planes were de- 
ployed; the number of tracking sta- 
tions increased. The first C-130 
test-recovery plane was inserted in- 
to the program. C-130’s will even- 
tually replace or supplement 
C-119’s used at present. 

Discoverer XII carried a “diag- 
nostic payload” which was going to 
give all the answers. Discoverer 
XII never made it into orbit—much 
to the disappointment of everyone 
close to the project. Objective 
analysis of the whole Discoverer 
program shows the record is good 
even if some publicity aspects are 
The series achieved the major 
purpose of learning how to put 
hardware into orbit. The informa- 
tion on Agena performance has 
upped the learning curve for this 
type vehicle a long way—the suc- 
cess of Tiros being some indication 
of this. Project Mercury also has 
benefited. 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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| | | z 2 | 
| € se 
st i 

| . he tt g/ a] sg] - | ti | FP) R18 
- £ - = = S s = <- s 
5 6 | gs | #3 | a38 |) 93 | g= | = | ge | f | Cee | o2 | 8 | BE | CRs 
S| a} | | 8 | ee! a ge | gs | ab) gd lel gp | BL 
z ae {3% a2 | Ss os as an <a Sa « eos £5 £6 wz we 

{ | 
! 2/28/59 | Ss S Ss S | NA 99 605 NA | n/a F 183 —2.5 0.03 0.059 
" 4/13/59 | Ss | s Ss Ss Ss 142 220 Ss $(1) Ss 158 +0.2 0.01 0.007 
mW 6/3/59 | S Ss Ss F n/a n/a n/a n/a n/a $(2) 165 —0.22 + - 
Iv 6/25/59 | Ss Ss Ss F n/a n/a n/a n/a n/a $(2) 103 +0.1 - 
Vv 8/13/59 | Ss Ss s s s 136 450 s F(3) S 138 +0.01 0.05 } 0.041 
vi 8/19/59 | S s | Ss Ss s 138 537 Ss F(2) Ss 139 +0.4 0.05 | 0.047 
vu 11/7/59 | Ss | Ss s S F(4) 104 550 F(4) | F(4) Ss 120 —0.34 0.05 _ 0.049 
Vill | 11/20/59 Ss | Ss s Ss s | 120 1000 Ss F(5) Ss 120 —0.04 0.05 | 0.102 
1X 2/4/60 ) Ss S F(6) n/a n/a n/a n/a n/a F(6) - pate pr 
* 2/19/60 $(7) n/a n/a n/a | n/a n/a n/a nfa | n/a F(7) bis - ne nes 
x! 4/15/60 | S Ss S s Ss 1 380 Ss | F(8) F(8) 106 —0.16 0.04 | 0.032 
xu 6/29/60 | s Ss s Fs) | n/a n/a n/a n/a n/a ? 

| | } 
LEGEND: 


NA—no attempt, *—orbit not achieved due to low velocity, **—orbit not achieved 
due to booster malfunction, S—successful, F—failure, n/a—not applicable due 
to earlier failure in sequence of events. 


NOTES: 


(1) Re-entered. Parachute deployment accomplished over Spitzbergen. 
snatch possible. 

(2) Communications, tracking and data acquisition were solid thru launch, coast and 
injection phase. 

(3) No radio signals were received from recovery beacon. No visual sightings. 


(4) Failure of an inverter which provided power for the IR scanner and the separation 
—- prevented full stabilization on orbit and proper separation of the 
capsule. 
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(5) Positive indications of retro-rocket firing; capsule re-entry; and beacon operation 
prior to parachute deployment. Action of stabilization system to react to 
highly elliptical orbit caused premature exhaustion of gas. Improper satellite 
attitude at time of capsule separation caused the re-entry vehicle to over shoot 
the recovery area by several hundred miles. 

(6) Initial velocity insufficient to achieve orbit—Thor defect. 
tracking on launch satisfactory. 

(7) Vehicle destroyed by range safety officer 56 sec after lift off. Flight control 
electronics source of trouble. 


(8) Unknown action disturbed capsule immediately after separation caused improper 
trajectory during retro-rocket fire. 


@) ae in attitude control system. Electrical problem outside of component 
failure. 


Acquisition and 
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CAPACITY PLUS VERSATILITY 
EQUALS 
OQ PERFORMANCE 


EA 
y 4 a PY saa Reliable Rodney says: 


-_ 0 teticeme 
~ a " Make Rodney your source for stainless 
Yn and alloy strip down to .0005”. 


RODNEY ROLLED IS 
QUALITY CONTROLLED 


— 
ew , RODNEY METALS, INC., (MILL) NEW BEDFORD, MASS. 
~ & West Coast Office and Warehouse: 5462 East Jillison St., Los Angeles 22, Cal. 
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GD700 SERIES 
GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
Pilot operated type 
Max. inlet: 7000 to 10,000 psig. 


Outlet range: 10-150 to 400-7000 psig. 


Flows to 250 scfm. 
Low torque: 35 inch-lb. at 7000 psig. 


LR SERIES LOADER REGULATORS 


Models in bronze or stainless steel 

Max. inlet: 7000 to 10,000 psig. 

Outlet range: 5-200 to 200-10,000 psig. 

Flow: 10 scfm. 

Low torque: 35 inch-Ib. at 7,000 psig. 
60 inch-Ib. at 10,000 psig. 

Panel mounting P , 


LV-10 LOADER VALVE 


Made in bronze only. 


Inlet and outlet: 


Flow: 10 scfm. 


7000 psig. 


Fast finger-tip control: 


30° clockwise, loads; 
30° counter-clockwise, bleeds. 


Panel mounting 


Bulletins R11 and R17 Bulletin LV-10 


Panel mounting 
Bulletins R12 and R18. 


BPR SERIES 
BACK PRESSURE REGULATORS GD90, GD100A AND GD200A 


SERIES GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
F ¢ ; Compensated, high-flow type 
Panel EU ay aia alt Max. inlet and outlet: 6000 psig. 
Bulletin R19 Flows to 80,000 scfm. 
Remote control and/or 
panel mounting provisions 
Bulletin R18 


GD60 AND 80 SERIES 
GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
Adjustable relief ranges: From 25-500 Models in bronze 

(stainless steel on request) 
Inlet and outlet range: 2500 to 10,000 psig. 
Flows to 1500 scfm. 
Remote control and/or 

panel mounting provisions 


Bulletin R10A 


Victor offers you choice of these and many other 
gas regulators for a wide variety of applications. 
All come cleaned for oxygen service; LOX cleaned when specified. Operating temperature 


ranges: —67° F. to + 250° F. (storage —80° F.) Modifications for special applications. Write 
now for Victor High Pressure Regulator bulletins and Regulator Inquiry Form 361A. 


VicIOR EQUIPMEN] COMPANY sisi: 


844 Folsom St., San Francisco 7 » 3821 Santa Fe Ave., Los Angeles 58 + 1145 E. 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned Subsidiary 
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Mfrs. of high pressure and 
large volume gas regulators; 
welding & cutting equipment; 

hardfacing rods; blasting nozzies; 
cobalt & tungsten castings; 
straight-line and shape 
cutting machines. 
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Dart-Shaped Satellite 


Concept advanced by Armstrong Whitworth Aircraft 
strikes compromise between large, heat-dissipating shape 
and dictates of compactness to reduce launching complexity 


By Ronald A. Cole 


Some novel ideas on the acsign 
of manned satellites have been put 
aiken” forward by Armstrong Whitworth 
Aircraft, England. Most of this 
thinking results from concentrated 
study of heat dissipation problems 
during re-entry; but, other problems 
such as launching have not been 
lost sight of, and this has lead to the 
consideration of compactness. 

Since the vehicle is intended to 
break orbit and descend using aero- 
dynamic lift, the lowest possible 
wing loading has been adopted. 
This is a major requirement to keep 
heating to a minimum. Another is 
that most of the heat generated due 
to drag goes into the wake and not 
into the vehicle. To reduce heat 
concentration, a large wing span 
would be desirable, however, this 


does not lend itself to integration 
SATELLITE AND LAUNCH VEHICLE proposed by Armstrong Whit- with the carrier rocket and a com- 


worth uses “dart shape” and British booster. Lift producing reentry vehicle promise was reached. 


would have wing area of 322 sq ft, weight of 4120 lb. Elevon controls seen Using Induced Drag—A large 
as effective up to speed of Mach 25. Crew survival planned for arctic, jungle, | working incidence and low lift/drag 
and water landings. ratio is desirable because induced 
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LEADING PARTICULARS 


LENGTH 28 FT ON 
SPAN 17 FT 
HEIGHT 9 FT 3mN 


PLAN AREA 332 sQ Fr 


ELEVON CHORD 4 Fr lO%2wn (2547) 


HINGE 


drag is a powerful brake and does 
not inevitably produce body heat- 
ing. Under certain conditions of 
flight and in maintaining orbit pat- 
tern this lift may be a nuisance. 
Since it is not possible to eliminate 
it entirely and still enjoy the effects 
of induced drag, some method of 
reducing it had to be found. This 
may be accomplished by rolling first 
one way and then the other, so as 
to give the vehicle a sinusoidal path 
about a mean track. 

On the basis of these require- 
ments the vehicle needs to be stable 
in both subsonic and supersonic 
flight. It must be capable of being 
trimmed at large angles of incidence 
and have a good measure of aero- 
dynamic control in both pitch and 
roll. In fact these control param- 
eters led to the abandonment of 
Dr. Hilton’s earlier circular plan- 
form concept and adoption of the 
delta shape. 

Other advantages follow from 
using the delta plan and among 
these is the important one of crew 
psychology. The fact that they will 
have some control over the vehicle 
and consequently their destiny, will 
improve their outlook and thinking. 
To cope with experiments, piloting, 
and communication, a two-man 
crew seems necessary. The crew 
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CONFIGURATION WITH TRAILING EDGE CONTROLS. 


iN. 29 


September 1960 


RE-ENTRY VEHICLE 


CONFIGURATION WITH OUTRIGGER’ CONTROLS 
LEADING PARTICULARS 


LENGTH 


HEIGHT 
PLAN AREA 


o24 68 0 
@_ 


SCALE IN FEET. 


capsule would be situated in a 
region of very high vacuum. This 
is done by positioning it behind the 
leading edge shock wave and near 
to or on the low-pressure surface of 
the vehicle. The underside, or pres- 
sure surface, would be designed for 
heat erosion and possibly have a 
thick layer of insulant. 

Rectangular and delta planforms 
of different proportions were inves- 
tigated to find the optimum design. 
Eventually a rather narrow delta 
shape was adopted along with a 
tetrahedron-like body. This type of 
structure offers the advantage of 
lightness, ease of construction and 
sufficient internal volume. Tip fins 
and rudders are sufficient for con- 
trol at low speeds and the large area 
elevon at the trailing edge is one 
suggested means of pitch control. 
Low-speed wind tunnel tests on 
models of this general design have 
proved the validity of this concept. 

A proposal for a space sled of 
tetrahedral shape was originally 
made by Nonweiler of Queen’s Uni- 
versity, Belfast, in 1958. Then it 
was suggested that the lower sur- 
face of the vehicle be shaped like 
an inverted “V” or “W”. Shock 
waves would stretch across the 
apexes and insulate the main sur- 
face from frictional heating. Each 


25FT 3N 
SPAN 29FT 6IN 
9 FT 3NN 
358 sQ FT 
CONTROL MEAN CHORD 5SFt 8w (3577) 


SGN: 


02468 0 
i a a |} 


SCALE IN FEET. 


apex would be of heavy construction 
to withstand erosion and could in 
effect be likened to sled runners. 

Because the whole upper surface 
would be riding in a high vacuum it 
would remain cool. The crew with- 
in their capsule and inside the skin 
would enjoy good insulation and 
protection. By sealing the front end 
of the pyramid and venting the in- 
terior through the rear wall, very 
low internal pressures and still bet- 
ter insulation from the lower sur- 
face would be obtained. 

Design Considerations—As en- 
visaged by Armstrong Whitworth 
the “dart satellite” would have a 
wing area of 322 sq ft. Present day 
delta wings which have a low thick- 
ness/chord ratio weigh between 5 
and 7 Ib/sq ft. Although a much 
larger t/c ratio will be used, the 
need for heat protection will add 
further to the structural weight. In 
fact, it seems unlikely that 5 Ib/sq 
ft could be bettered. Accordingly, 
weight breakdown would be as fol- 
lows: wing, 1660 Ib; fins, 140 Ib; 
capsule with crew and instruments, 
2000 Ib; retro-rockets, fuel and 
tanks, 200 lb; and controls with 
actuators and power supplies, 120 
Ib. .The total of 4120 Ib gives a 
loading of 12.4 Ib/sq ft. Such a low 
loading will give rise to severe gust 
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DART SATELLITE . . 


. continued 
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Asymmetrical vehicle made symmetrical for launching 
by mirror-image fairing usable for fuel storage 


effects during the final stages of the 
glide and this is yet another reason 
why good control characteristics are 
needed. Sufficient structural stiff- 
ness to deal with the loads would be 
provided by the pyramidal structure. 

Assuming that the vehicle would 
enter the outer atmosphere at a lit- 
tle over 5 miles/sec, it would have 
to produce lift, towards the Earth, 
to skip-glide and to allow drag brak- 
ing. A typical case of re-entry at a 
height of 65 miles has been studied. 
Taking into account the effects of 
skin friction it is estimated that de- 
celeration would be 1.2 ft/sec/sec 
and a heat equivalent to 18.3 kilo- 
watts/sq ft would be generated. 
Possibly, 5 or 6 per cent of this will 
go into the structure—say | kilo- 
watt/sq ft. This is not exceptional 
but higher inputs of about 6 kw/sq 
ft may be expected at lower alti- 
tude. 

As far as the pressure surface is 
concerned this latter figure repre- 


sents a major problem and so far 
no detailed solution has _ been 
offered. However, venting the vehi- 
cle’s interior through the rear wall, 
where there is a high vacuum, could 
insulate the capsule from the high 
temperatures of the pressure sur- 
face. 

Control Problem—Elevon con- 
trol would seemingly give response 
across the flight range from Mach 
25 but its characteristics are not 
ideal from the handling point of 
view. For instance, its upper sur- 
face is ineffective because it is situ- 
ated in a vacuum. Therefore, its 
function is to reduce the chord of 
the lower surface when deflected up 
and cause a change of the center of 
pressure. Better means of control 
would be provided by small outrig- 
ger surfaces in the horizontal plane 
but this is not a compact arrange- 
ment. A final selection on the type 
of control will have to be made after 
more extensive wind-tunnel investi- 


gation. During initial re-entry the 
stability of the satellite would bear 
little resemblance to that of an air- 
craft because of the absence of 
damping terms. In fact, it would 
experience a continuous oscillation 
in pitch and roll. 

Tunnel tests have shown that a 
lift coefficient of 0.7 and possibly 
more can be achieved. If a landing 
lift coefficient of 0.6 is assumed, 
then for a wing loading of 12 Ib/ 
sq ft the touch-down speed would 
be 88 ml/hr. In view of this, it is 
thought that the complete capsule 
should be jettisoned and reliance 
made on a parachute descent. Since 
the capsule is airtight it would also 
be water tight and could be made 
to float in a desired attitude. Also, 
in the event of landing in an arctic 
area, it would provide living accom- 
modation until the crew was 
rescued. 

Although the general shape of 
the satellite seems satisfactory in all 
aspects of the flight, it presents an 
awkward launching problem. Since 
it is not symmetrical it would have 
a strong effect on initial perform- 
ance if mounted on a rocket’s nose. 
This trouble has been overcome, at 
least theoretically, by the use of a 
mirror-image fairing. The actual 
satellite would occupy one half of 
the rocket’s nose and the lightweight 
fairing the other. To give symmetry 
of weight and inertia it would be 
possible to use the dummy for fuel 
storage. 


+e 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa: 
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American Airlines’ 
Boeing 707 Jet 
Flagships have 
exceptional operational 
dependability. 


Senior Mechanic installs jet engine compressor in a Schenck Balancing Machine. 


SCHENCK Balancers help provide 


Smooth Flying 
for American Airlines’ 
Jet Fleet 


At American Airlines’ new 25-Million-Dollar Jet Main- 
tenance and Engineering Center at Tulsa, Okla., 
highly skilled engineers and mechanics use the latest 
methods—the most precise instrumentation—to keep 
American foremost in jet speed, safety and dependa- 
bility. To attain that “‘nth” degree of balancing pre- 
cision, necessary for smooth operation of their Pratt & 
Whitney jet engines, American chose Schenck Balanc- 
ing Machines. To date, American has balanced over 
1,150 compressor and turbine rotor assemblies from 
JT3C-6 Jet engines—with only one reject! Out- 
standing performance by any standard! 
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Importers of Leading Precision Machine Tools 
Nationwide Sales and Service 
COSA CORPORATION, 405 LEXINGTON AVENUE, NEW YORK 17, N.Y. 


If you need absolute accuracy in parts balancing, 
consider Schenck Electro-Dynamic Balancing Ma- 
chines for these reasons: 


@ Several models accommodate parts of practically 
any design from 0.03 to 100,000 Ibs. 


@ A complete choice of balancing methods, workpiece 
drive and support, multiple and infinitely variable 
balancing speeds, unbalance indication and correction. 


@ Automatic indication of amount and location of un- 
balances creating as little as 0.5 to 5 millionths of an 
inch displacement from center of gravity. 


American Airlines is “__very pleased with the out- 
standing results achieved with the two Schenck bal- 


ancing machines we use.”’ 


You'll be pleased, too! 


Write Cosa today for full intormation! 
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Important facts to know about Laminated Plastics 


LAMINATED PLASTICS What they are, 


Taylor laminated plastics, also known 
as reinforced plastics, are thermoset- 
ting-type materials formed by impreg- 
nating paper, cotton cloth, asbestos, 
glass cloth, nylon or other base ma- 
terials with synthetic resins and fusing 
them into sheets, rods, tubes and spe- 
cial shapes under heat and pressure. 
These materials exhibit a valuable 
combination of characteristics, includ- 
ing high electrical insulation resistance, 
structural strength, strength-to-weight 
ratio, and resistance to chemical re- 
action; also adaptability to fabricating 
operations. 


Types of laminated plastics made by Taylor 
There are four basic types of Taylor 
laminated plastics commonly specified 
and used throughout industry today. 
They are as follows: 


Phenolic Laminates. Paper, cotton 
fabric or mat, asbestos, glass cloth or 
nylon bases impregnated with phenol 
formaldehyde resins. These provide 
strength and rigidity, dimensional sta- 
bility, resistance to heat, chemical re- 


. Sistance, and good dielectric character- 


istics. Some Taylor grades are excel- 
lent basic materials for gears, cams, 
pinions, bearings and other mechanical 
applications. Others are widely used in 
terminal boards, switchgear, circuit 
breakers, switches, electrical appli- 
ances and motors. Also in radios, tele- 
vision equipment and other electronic 
devices; and in missiles as nose cones, 
exhaust nozzles, and combustion cham- 
ber liners. 


Melamine Laminates. Glass cloth or 
cotton fabric impregnated with mela- 
mine formaldehyde resin. Taylor mela- 
mine laminates have superior mechan- 
ical strength and are especially de- 
sirable for their arc-resistant qualities. 
Good flame and heat resistance, good 
resistance to the corrosive effects of 
alkalis and most other common sol- 
vents, besides other favorable char- 
acteristics. Typical applications include 
arc barriers, switchboard panels, and 
circuit-breaker parts in electrical in- 
stallations. 
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Silicone Laminates. Continuous-fila- 
ment woven glass fabric impregnated 
with a silicone resin. These laminates 
combine high heat resistance (up to 
500°F. continuous) with excellent 
electrical and mechanical properties. 
They are primarily used in high-tem- 
perature electrical applications and 
high-frequency radio equipment. 


Epoxy Laminates. Continuous-fila- 
ment woven glass fabric or paper im- 
pregnated with epoxy resin. Glass- 
fabric grades are designed for use in 
applications requiring high humidity- 
resistance, good chemical resistance, 
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where they can be used 


and strength retention at elevated tem- 
peratures. Paper grades are used under 
high-humidity conditions where re- 
sistance to acids and alkalis is required. 
Both grades are characterized by good 
dielectric strength, low dielectric losses, 
and high insulation resistance even 
following severe humidity conditions. 


Recent technical advances in the bond- 
ing of various metallic and nonmetallic 
materials to laminated plastics have 
opened up new design opportunities. 
It is now possible to bond virtually any 
compatible material with a laminated 
plastic to form a composite which 
combines the advantages of both. One 
of the first composite materials was a 
copper-clad laminate used for printed 
circuits. More recent composite lam- 
inates, usually manufactured to cus- 
tomer specification, include the follow- 
ing: Taylorite® vulcanized fibre-clad, 
rubber-clad, asbestos-clad, aluminum- 
clad, beryllium-copper-clad, stainless- 
steel-clad, magnesium-clad, and silver- 
and gold-clad. Any one of these ma- 
terials can be sandwiched between 
sheets of laminates, too, and can be 
molded to fit specific requirements. 


Send for complete information about 
any or all of these Taylor laminates. 
And remember Taylor’s new selection 
guide will simplify your problems in 
choosing the right laminate for your 
specific application. Taylor Fibre Co., 
Norristown 50, Pa. 


~ Taylor 


LAMINATED PLASTICS VULCANIZED FI@RE 
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New for Production 


Products at The Machine Tool Exposition—1960 


Multi-Compaction Press 

Automatic hydraulic press is 
designed for compaction of pow- 
dered metals, glass and plastics. 


Unit on display is a one-ton, top 
and bottom ram press tooled for 
volume production of tantalum ca- 
pacitor anodes. Tooling modifica- 
tions make it adaptable to a variety 
of powdered metal compaction op- 


erations, including ferrous, non- 
ferrous and the so-called “exotic” 
metals.—Denison Engineering Div., 
American Brake Shoe Co. Booth 
914. 


Circle 55 on postcard for more data 


Drill Pointer 


Model “600” drill pointer fea- 
tures the Oliver point with increased 
clearance at the center of the drill. 
Has a 2 in. to 3 in. capacity. Can 
grind two, three and four flute drills. 
Has provisions for variable clear- 
ance and variable included point 
angles. All cutting lips of drill are 
ground in one continuous motion.— 
Oliver Instrument Co. Booth 342. 
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Fast Grinding 


The CM-2 Multiwheel Grinder 
is designed for plunge grinding sev- 
eral diameters on a shaft simul- 
taneously or for wide wheel grind- 
ing applications. During the expo- 
sition, this machine will grind the 
main bearing diameters of the crank- 
shaft, an operation for which this 
machine’s predecessor, the CM-1, 
has been widely used.—Norton Co. 
Booth 651. 
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Turret Lathes 


Saddle type turret lathe includes 
a 24-speed headstock, 30 HP motor, 
an 18-inch 3-jaw scroll chuck and 
a turret-mounted JETracer slide 
tool. It will handle the first machin- 
ing operation on aluminum air cyl- 
inder bodies. Chucked in the cyl- 
inder bore, the entire O.D., includ- 


ing the locating and mounting hubs 
and the small bore, will be ma- 
chined in only 5.61 minutes f.t.f. 
The JETracer slide tool will be used 
to finish-trace the O.D. contour, 
providing a fine finish and close 
tolerance accuracy. — Gisholt Ma- 
chine Co. Booth 1042. 
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Jig Borer 


A 3-inch combination jig borer 
and milling machine of advanced 


design operates under Numeripoint 
tape control. Demonstration will in- 
clude automatic tape and dial posi- 
tioning of head and table to high 
accuracies featuring boring with 
saddle feed, and heavy milling op- 
erations in cast iron. 

This new 10-hp machine with 
30 inch x 48 inch table features: 
extra-fast positioning with repeat 
accuracies to +.0001 inch, 16 inch 
of spindle travel at feed rates of 
0.012 in. to 120 in. per minute, 
and automatic saddle depth posi- 
tioning. An optional rotary air lift 
table greatly extends the produc- 
tivity of the machine on many jobs. 
—Giddings & Lewis Machine Tool 
Co.—Booth 1320. 
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Automatic Drilling 
Automatic drilling and tapping 
machine has 20-inch index table 
and no center column. It is de- 
signed and built with suitable auto- 
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matic units and special tooling to 
perform specified operations on one 
part. Machine is a fairly simple 
setup with three such units but no 
special tooling. 

Left to right the three units are: 
a drilling unit of medium size (model 
16) with 5-inch stroke; a drilling 
unit of large size (model 22) with 
3% inch stroke; a tapping unit of 
small size (model 5) with 4-inch 
stroke. 

Each automatic unit is compact 
and self-contained. It can be 
mounted horizontally (as shown), 
vertically or at an angle.—Kings- 
bury Machine Tool Corp. Booth 
731. 


Circle 60 on postcard for more d ts 


Optical Comparator 

Viewing screen on this optical 
comparator is 30 inches. 

Stage uses micrometer of one 
inch travel for measuring both the 
horizontal and vertical planes with 
provision for measuring rods or 
gage blocks for the balance of the 
stage travel. The optical system uses 
relay lenses so the projection lenses 
are inside the cabinet. 

Optics are arranged for an up- 
right image for all magnifications. 
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Screen ring is graduated and has a 
two minute vernier. 

Stage table has built-in angular 
adjustment 15° each way with ver- 
nier.—Covel Manufacturing Co. 
Booth 332. 


Circle 61 on postcard for more cas 


Press Brake 


This 750 ton hydraulic press 
brake has a bending capacity of %4 
inch x 14 ft. mild steel over a 7 inch 
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die opening. Overall die surface is 
24 ft.—The Cincinnati Shaper Co. 
Booth 1230. 


Circle 62 on postcard for more dia 


Universal Grinder 

Super precision grinding of parts 
to 10 millionth of an inch roundness 
is possible on a new 10 inch Type 
R universal cylindrical grinder 
equipped with Microfeed. This ma- 
chine was designed especially for 
precision work required in missiles, 
aircraft, fuel injectors, and similar 
close tolerance parts. Electronic 
gaging devices will be installed on 
the machine.— Landis Tool Co. 
Booth 823. 


Cirele 63 on postcard for more data 


Jig Borer 

Model 65 numerically controlled 
jig borer features accuracy to 
“tenths” with high traversing speed. 
Table and saddle traverse simul- 
taneously to reach each position in 
the shortest possible time. 

Positioning accuracy is obtained 
from precision linear transducers. 
No wear can occur on these trans- 
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ducers since electric signals give the 
location of the slides without phys- 
ical contact. 

The table and saddle are driven 
by hydraulic cylinders operating 
from balanced, closed hydraulic cir- 
cuits which provide automatic 
clamping.—W. B. Knight Machin- 
ery Co. Booth 824. 


Circle 64 on postcard for more data 


Turret Lathe 


Completely new No. 6 Universal 
ram-type turret lathe will be shown. 
It offers 3 inch spindle capacity for 
heavy duty bar work, 5 inch spin- 


dle capacity for light duty bar 
work, and 21% inch swing of the 
bed ways. Outstanding new fea- 
tures include automatic spindle 
speed changes, 50 to 1 speed range, 
16 geared spindle speeds, and cross 
slide power rapid traverse.—Bar- 
dons & Oliver Inc. Booth 741. 


Circle 65 on postcard for more data 


Precision Contouring 


Contouring of nose cones and 
conventional grinding and turning 
can be accomplished on new 900 
Series custom precision machines. 
These utilize vertical design to elim- 
inate the deflection normally en- 
countered when large unsupported 
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parts are machined in a horizontal 
position. 

Tracer, numerical and manual 
control are available with extremely 
close tolerances.—Frauenthal Div., 
The Kaydon Engineering Corp. 
Booth 1220. 
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Trimmer 


Model 43HVX trimmer can 
shear mild steel stampings up to 
3/16 in. thick. 

This photo shows a pneumatic 
holddown device on the table top, 


r 


used generally for the trimming of 
round stampings.—Beatty Machine 
and Manufacturing Co. Booth 243. 


Circle 67 on postcard for more data 


Complex Machining 


Self-contained “machine shop” 
is numerically controlled, employing 
a standard l-inch wide, 8-channel 
punched tape. This model II “ma- 
chining center” will mill, drill, bore, 
ream, tap, select and change its own 
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tools, and transfer the workpiece. 
All machine motions are powered 
by a 30 HP hydraulic unit. The 
three axes of motion, X-longitudi- 
nal, Y-vertical, and Z-depth, respec- 
tively, have ranges of 24 in., 20 in., 
and 16 in.—Kearney & Trecker. 
Booth 1008. 


Circle 68 on postcard for more data 


Shear 


Bar-billet-shear will be shearing 
round bars to accurate lengths. 
These pieces will be used in the 
drop forge industry. This machine 
will be operating at 20 strokes per 
minute and has a full capacity of 4 
inch diameter mild steel bars..—The 
Hill Acme Co. Booth 1240. 


Circle 69 on postcard for more data 


Milling and Profiling 


Continuous path, tape controlled 
milling & profiling machines, are 
of traveling table, vertical spindle, 
bridge type design. This 200 se- 
ries covers a broad range of sizes 
with multiple axis control. 

Some of the outstanding fea- 
tures are: anti-backlash recirculat- 
ing ball bearing precision screws on 
each axis; anti-friction unit type re- 
circulating roller bearings on hard- 
ened and ground ways; continuously 
variable spindle speeds from 15 to 
6000 rpm.—Ekstrom, Carlson & 
Co. Booth 846. 


Cirele 70 on postcard for more data 


Grinding Machine 

Model 182 “Crushtrue” multi- 
form grinder automatically grinds 
cylindrical forms and grooves on 
two or four parts simultaneously at 
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wheel speeds of 9200 s.f.p.m. and 
faster. It is being demonstrated 
publicly for the first time. 

Two piston rod shafts, each ap- 
proximately 334 in. long, will be 
fed into a rotating cage at the front 
of the machine for indexing into 
grind position. 

Both shafts will be ground simul- 
taneously with one being located 
above the centerline of the Crush- 
true dressed grinding wheels and 
the other below. The rotating cage 
indexes both parts to the unloading 
chute.—The Sheffield Corp. Booth 
201. 


Circle 71 on rfosteard for more data 


Automatic Scanning 


Scan-O-Matic milling machine 
adds automatic scanning to the 
Greaves Model 2H heavy duty mill- 
ing machine. 

In the Scan - O - Matic system, 
tracing stylus automatically follows 
the contour of a master regardless 


of whether it has straight walls, 
angles, or curves to be cut. Deflec- 
tion of the stylus always remains 
the same, thus resulting in uniform 
and accurate cuts.—Greaves Ma- 
chine Tool Co. Booth 1439. 


Circle 72 on postcard for more da‘a 
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Products at the Production Engineering Show 


Tape Controls 


Transistorized Inductosyn nu- 
merical control system has punched 
tape input for automatic operation. 
It can also be operated by manual 


input from rotary switch controls. 
Photograph shows typical appli- 
cation to a jig borer. Console houses 
the tape and manual controls.— 
Farrand Controls Inc. Booth 103. 


Circle 73 on postcard for more data 


Punch Press 


Strippit Super 30 Fabricator is 
a single station, high speed punch 
press with a throat depth capacity 
of 30 in. 

For straight line punching, it 
will handle a 30 in. workpiece of 
any length, utilizing the Strippit 
multiple-stop gauging system. For 
production punching with the Strip- 
pit Duplicator, its maximum work 
size is 30 in. x 30 in. It will handle 
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90° corner notching up to 5 in. x 
5 in. in 16 gauge mild steel as well 
as rectangular, radii, vee and special 
edge notches—Wales Strippit Inc., 
Booth 340. 


Circle 74 on postcard for more data 


Automatic Assembly 


New concept in automatic as- 
sembly uses an improved standard 
assembly machine. “Pick and place” 
and “push and guide” actuations of 
integral stations result from two 
cams operating in a center-mounted 
turret.—Ferguson Machine Corp. 
Booths 246-248. 


Circle 75 on postcard for more data 


Precision Gage 

Precision bore gage and size set- 
ting fixture combination requires no 
gage blocks, rings or other “mas- 


ters” to set, check or gage any hole 
size within its .375 in. to 2.900 in. 
measuring range. Settings are as 
simple to establish as micrometer 
readings. — Sunnen Service Corp. 
Booth 327. 


Circle 76 on postcard for more data 


Cross-Slide 


Cross-slide rotary table is de- 
signed to reduce set-up time. Once 
located and clamped on the cross- 
slide, it is rarely necessary to move 
or re-clamp the workpiece until all 
cuts are complete. 

Slides can be adjusted to posi- 
tion the work for cutting any radius 
whose center point lies within a 
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9 inch square area centered on the 
table. All dimension points are kept 
in exact relationship to each other. 
Morrison Machinery and Engineer- 
ing Corp. Booth 1543. 


Circle 77 on postcard for more data 


Microscope 


Toolmaker’s microscope has co- 
ordinate measuring range of 2 in. x 
2 in. Large diameter drums at- 
tached to the precision lead screws 
permit rapid reading to 0.0001 in. 
—The Gaertner Scientific Corp. 
Booth 346. 


Circle 78 on postcard for more data 


Nondestructive Testing 


Type NQ-242 testing unit is a 
magnetic particle unit specially 
tooled with loading tray, positioning 
fixture, bath applicator, and auto- 
matic magnetizing circuit. It is for 
production testing of ferrous parts 
up to 24 in. long. Suspended mag- 
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netizing heads and coil permit con- 
veyors to be positioned either across 
or through the unit.—Magnaflux 
Corp. Booth 400. 


Circle 79 on postcard for more data 
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all about the latest developments in automatic @ 
and conventional machines such as: 


@ 3 Dimensional ALL NEW Continuous Path Tape e 
Controlled Profiling and Milling Machine with 
most advanced features of design and con- * 
struction. 


@ Vertical Ram Type Milling Machine with tilt a 
head and tilt table. 


@ 4 Axis Trace Control Profiling and Milling e 
Machine. 
* 
Mark the date: Sept. 6 through 16th and plan to visit 
us in Booth 846 Machine Tool Exposition. You'll be glad e 


you did and we will be happy to see you. 


/™ EKSTROM, CARLSON &CoO. ® 


3 1440 RAILROAD AVENUE ROCKFORD, ILLINOIS 
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Skirt For "GEM" 
Uscothane skirt on the Curtiss 
Wright Air Car helps keep cushion 
of air under the vehicle. The ure- 
thane product was chosen for its 


resistance. Uscothane 
skirts have lasted more than three 
months of rugged testing. It re- 
placed other skirts that wore out 
daily from constant abrasion, tear- 
ing and gouging as the vehicle 
passed over all types of conditions, 
wet and dry.—U. S. Rubber. 


Circle 8@ on postcard for more data 


abrasion 


"Splat Cooling" 


A process (called “splat cool- 
ing”) creates new metallic alloys 
and holds possible broad implica- 
tions in electronics and other fields. 
Production of the abnormal alloys 
is currently limited to small bits of 
thin foil having structures that never 
existed before. Such foil could be 
utilized in fields where only small 
quantities of materials are required. 
The procedure is called “splat cool- 
ing,” because it involves blasting a 
molten droplet of a pure metal or 
an alloy against the rim of a re- 
frigerated metal wheel spinning at 
high speed. This cools the droplet 
at the rate of 2,000,000°F per sec- 
ond, quick-freezing the droplet as 
a small piece of thin foil before the 
atoms have time to realign them- 
selves. A fine grain structure is 
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New Materials 


created, with each individual grain 
too small to be seen with an optical 
microscope.—California Inst. Tech- 
nology. 


Circle 81 on postcard for more. data 


Structural Ceramic 

A high temperature refractory 
product, known as Crystolon “63,” 
is expected to have wide applica- 
tion as a relatively low cost struc- 
tural ceramic. It is high in physical 
strength and resistance to attack 
by heat and molten salt. 

Crystolon “63” is a silicon ni- 
tride bonded refractory. It was orig- 
inally developed to meet the need 
for better refractory linings for alu- 
minum reduction cells. — Norton 
Co. 


Circle 82 on postcard for more data 


Shrinking Glass 

A vinyl heat-reactive tubing 
called Scotch Tite shrinks under 
heat to provide a tight covering on 
gently contoured shapes. It is fully 
transparent. Colors are also avail- 
able on special order. The material 
shrinks under heat to its final di- 
mensions in 4 to 8 min at 300°F. 
sizes range from 3/64-in. to 5 in. 
O.D. It is being used for covering 
harness cables, condensers, coils, 
and other items where a tight, abra- 
sion and chemical resistant elec- 
trical insulating cover is required. 
—NMinnesota Mining and Mfg. Co. 


Circle 83 on postcard for more data 
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Cobalt-Base Alloy 


Improved WI-52  cobalt-base 
high-tungsten superalloy has better 
strength in the 1800°F range. It 
has good ductility and corrosion re- 
sistance. Improved refining tech- 
niques and precise control of the 


piel 


alloying elements have increased 
1800°F stress rupture life by 18 
per cent and rupture elongation by 
160 per cent over previous alloy 
variations. It could serve as a tur- 
bine blade alloy. Acceptance tests 
at 1800°F and 15,500 psi, on 10 
recent production heats, show an 
average stress-rupture life of 73 hr 
with an average stress rupture 
elongation in 1-in. of 17 per cent. 
—WaiMet Alloys Co. 
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Uniform Powder Metal 


New process produces powders 
of metals and metal alloys with 
spherical particles ranging from 20 
to 150 microns. Uniformity rate is 
98 per cent. Produced in a totally 
inert atmosphere, the tiny particles 
are free of such defects as voids, 
cavities, and inclusions. Six differ- 
ent powders are available in limited 
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quantities: copper, aluminum, 
nickel, 316 SS, tungsten, and ni- 
chrome. Spherical powders will 


find applications in fabricating sin- 
tered bodies with controlled poros- 
ity. This suggests usage in filters, 
sweat cooled nozzles, porous piston 
rings, and the like. They may also 
improve rocket propellant specific 
impulse.—Linde Co. 
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Germanium-Seal 


New process for sealing germa- 
nium windows to infrared detectors, 
makes possible the fabrication of 
detectors for use in longer wave- 
length regions. The development 
enables detectors to receive trans- 
mission of infrared radiation be- 
yond 25 microns (the germanium 
window may be coated to peak 
within this range). Detectors in- 
corporating commonly-used silicon 
and sapphire windows limit trans- 
mission of infrared radiation to 
about the nine and six micron re- 
gions, respectively.—Philco. 


Circle 86 on postcard for more data 
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Another “impossible” job 
done by the Airbrasive*.. 


A ———- (.,,cutting semiconductors 


abrading > cutting + deburring + stripping + drilling » cleaning + scribing 


. OO <_<, 


| 


Hughes cuts fancy figures in silicon. . 
Reports “‘Airbrasive is the only tool 
capable of handling the process!” 


Hughes Aircraft uses the Industrial Airbrasive linked to a pantograph 
to cut intricate patterns and shapes in semiconductor wafers. And 
what’s more they are doing it accurately and with complete safety 
to the fragile part. 

The secret of this unique tool is a superfine jet of abrasive particles 
and dry gas, directed through a carbide nozzle. The resulting cutting 
action in hard brittle materials is cool, rapid, precise, and completely 
shockless. 

The Airbrasive is being used to solve hundreds of seemingly 
impossible jobs ... precision deburring .. . to remove surface deposits 
... form and adjust microminiaturized circuits ...cut glass, germa- 
nium, tungsten, ferrites, and others. 

Low in cost too. For under $1,000.00 you can set up your own 
Airbrasive cutting unit! 


poe 


Send us samples of your “impossible” jobs and we will 
test them for you at no cost. 


SEND FOR BULLETIN 6006 ...complete information. 


New dual 
Model D! 
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Ss. S. White industrial Division 
Dept. 18A, 10 East 40th Street, New York 16, N. Y. 
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A. J. KULLAS, named engineering 
technical director for The Martin 
Company’s rocket booster portion of 
the Air Force Dyna-Soar program. 


EDGAR C. ANSALDI, appointed chief 
of the experimental test laboratories 
of Pratt & Whitney Aircraft division 
of United Aircraft Corp. 


HARVEY GAYLORD, now president of 
the recently-formed Bell Aerospace 
Corp. comprised of the three former 
defense units of Bell Aircraft. Officers 
of the divisions include: WILLIAM G. 
GISEL, president, Bell Aerosystems 
Co.; EDWIN J. DUCAYET, president, 
Bell Helicopter Co. 


A. M. (TEX) JOHNSTON, named as- 
sistant program manager for design 
and test on the Dyna-Soar manned 
space glider at Boeing Airplane Co. 


MARTIN BOE, promoted to weapon 
system manager of the GAM-77 
Hound Dog program at North Amer- 
ican Aviation’s Missile Division. ros- 
ERT G. WILSON, named manager of the 


lunar soft landing study program at 
the division. 


DR. IVAN A. GETTING, appointed 
president of The Aerospace Corp. 

W. E. GIBERSON, appointed chief of 
the newly-organized Guidance and 
Control Div. at Cal Tech’s Jet Pro- 
pulsion Laboratory. 


WILLIAM C. SCHUPP, CHARLES R. 
LAYNE and DONALD C. CHALIFOUR have 
joined the field engineering staff of 
Barnes Engineering Co. 

JAMES R. KERR, named executive 
vice president of Avco Corp. He will 
head the Defense and Industrial 
Products Group. 

JOHN W. CORCORAN, named chief 
scientist in the Research and Devel- 
opment Div. of Beckman & Whitley. 

PHILIP KAHN, named president of 
Brilhart Plastics Corp. 

DR. JAMES W. MOYER, appointed 
research director of the Sperry Rand 
Research Center to be built this 
year in Sudbury, Mass. 

JOHN W. ROBINSON, appointed di- 
rector of Public Relations for the 
Fairchild Aircraft and Missiles Div., 
Fairchild Engine and Airplane Corp. 

PAUL WILSON, appointed midwest- 
ern industrial and commercial repre- 
sentative for “Crown” International, 
the tape recorder division of Interna- 
tional Radio ADN Electronics Corp. 
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WOODS KING, JR., appointed assist- 
ant secretary and office counsel of The 
Gabriel Co. 


J. R. REA, appointed manager of 
the Joplin, Missouri plant of the Aero 
Hydraulics Div., Vickers Inc. 

LT. COLONEL GLENN CRANE, named 
project officer in charge of the Army’s 
Nike Zeus anti-missile missile pro- 
gram. 

DAVID E. TRUMBULL has assumed 
the duties of engineering manager 


for Western Design, Div. of U. S. In- | 


dustries. 


CURTIS M. LEE has joined Wyle 
Manufacturing Corp. as chief engi- 
neer. 

HOLMES M. BROWN, selected to fill 
the newly created position of corpo- 
rate director of communications in 
the Martin Co. 


J. HAROLD MOORE, appointed gen- 
eral manager, defense projects, De- 
fense Activities Div., Western Elec- 
tric Co. 


RICHARD H. HAAS, appointed man- 
ager of plastic sales for Goodyear 
Aircraft Corp. 

FRANK P. DELUCA, JR., has been 
named president of Acoustica Asso- 
ciates and its subsidiaries. ROBERT L. 
rop, founder - president, will assume 
the newly-created position of chair- 
man of the board. 


WILLIAM F. ROMIG has joined the 
staff of Cornell Aeronautical Labora- 
tory, Inc. 

KENT DOOLITTLE has been named 
general manager of the Western Op- 
eration of CTL Div., Studebaker- 
Packard Corp. 

DONALD M. POWERS, named head of 
the newly-formed Systems Div. at 
Electro-Mechanical Research Inc. 

JAMES H. MCGARRY, appointed 
director of manufacturing for the 
Mechanical Div. of General Mills. 

DR. S. J. GERATHEWOHN, appointed 
head of operational development in 
NASA’s Office of Life Science Pro- 
grams. DR. RICHARD S. YOUNG, named 
chief of flight biology. 

KARL T. WILDER has joined the In- 
formation Technology Div. of Lock- 
heed Electronics Co. as senior scien- 
tist in the Computer Systems group. 

DAVID F. SHAW, named general 
manager of General Electric’s Air- 
craft Nuclear Propulsion Department. 


David E. Trumbull Curtis M. Lee 
Western Design Wyle Manufacturing 
Corp. 


Holmes M. Brown 


J. Harold Moore 
The Martin Co. 


Western Electric 


” Richard H. Haas 


Frank P. DeLuca Jr. 
Goodyear Aircraft 


Acoustica Associates 


William F. Romig 
Cornell Aeronautical 
Laboratory 


Kent Doolittle 
CTL 
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New . 
Books 


AEROSPACE MARKETING HAND- 
BOOK. Edited by William E. Larned, 
Jr. Defense Marketing Services, 1960. 
Subscription rate: $175, including 
eleven monthly supplements. This is 
a comprehensive reference, bound in 
loose-leaf form. It covers the missile, 
rocket, and space programs of the 
United States Government, and is 
intended as a sales aid for manage- 
ment and marketing men in the 
aerospace industries. Contents in- 
clude: an alphabetical index to pro- 
grams; an alphabetical section with 
tabs, on each program; location of 
government agencies; and separate 
indexes on categories, designations, 
cognizant agencies and the status of 
current programs. 


RANDOM VIBRATION. Edited by 
Stephen H. Crandall. Technology 
Press & Wiley, 1959. 423 pp., $8.50. 
The material presented in this book 
is intended for engineers already 
versed in fundamental problems of 
mechanical vibration. The author 
has endeavored to provide additional 
and newer tools for extending ordi- 
nary vibration theory into the field 
of random vibration theory. The sub- 
ject matter is of vital interest espe- 
cially for the engineer who is con- 
fronted with the severe vibration en- 
vironment produced by modern rocket 
and jet engines. First six chapters 
treat basic concepts and background 
material; last six chapters deal with 
the problems of design and testing. 


KINETICS OF HIGH-TEMPERA- 
TURE PROCESSES. Edited by 
W. D. Kingery. Technology Press & 
Wiley, 1959, 826 pp., $13.50. Treating 
of kinetics of condensed-phase proc- 
esses at elevated temperatures, the 
context of this book is drawn from 
an international Conference on the 
Kinetics of High-Temperature Proc- 
esses held at M.I.T. on June 23-27, 
1958.. Subject matter is approached 
from the disciplines of chemistry, 
ceramics, metallurgy, and physics. 
The studies are grouped under seven 
headings as follows: Imperfections 
and diffusion in nonmetals; diffusion 
in liquids. and liquid-solid reactions; 
nucleation and grain growth; sinter- 
ing and vitrification phase transfor- 
mations; solid-solid reactions; and 
solid-gas reactions. 
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FPD NEWS offers latest information on openings throughout the Division to interested engineers and scientists. 
Technical information and news relating to current projects will also appear from time to time in this column. 


uJ 
Bees tes 


PROPULS 


eG 


New Lift Fan to Boost Performance 
and Efficiency of VTOL Aircraft: 


Creating propulsion systems for advanced 
VTOL aircraft capable of high subsonic 
Or supersonic speed presents engineering 
problems that challenge the ingenuity of 
both the theoretician and design engineer. 


With a VTOL machine, take-off thrust 
must exceed the vehicle gross weight with 
some margin, whereas only a small frac- 
tion of this power will be required for 
cruise. Optimizing the engine size for both 
flight regimes becomes a formidable task. 


One of the concepts recently advanced 
by Flight Propulsion Division engineers is 
the lift fan illustrated in the drawing at 
right. Now, selection of the gas generator 
can be based on optimum jet-powered 
cruise performance. 


For a given engine, fan lift is a function 
of fan pressure ratio and diameter. The 
fan provides greatly augmented thrust for 
the take-off mode, as verified in a recent 
test of a prototype configuration utilizing 
a G.E. J85 turbojet; the “straight-through” 
2500 pounds of thrust produced by this 
engine was boosted to 7500 pounds for 
vertical flight by its lift fan. 


But this is just the beginning. Develop- 
ments to come will include lighter and 
larger fans, integrated with more power- 
ful gas generators. We anticipate that 


® : ” 


OrveRter 

VALVE 
5 5 
‘vertical thrust / weight ratios, now about 
9:1, will be elevated to 15:1 by 1965. Such 
propulsion systems will permit the evolve- 
ment of a new class of air vehicles for the 
military and, ultimately, for commercial 
applications. 


> Immediate Opportunities on VTOL 
Programs, and in Other Expanding 
FPD Components: 


Engineering Computations 
Rocket Engine Development 
Nozzle Development & Design 
Jet/Rocket Test Engineering 
Mechanical Design Engineering 
Manufacturing Engineering 
Reliability & Quality Control 
Applications Engineering 


Electrical Space Power and 
Propulsion Systems Development 


High Temperature Metallurgy 


Write informally, or forward your resume 
in confidence to Mr. Mark Peters, Dept. 
125-MI, Bldg. 100. 


FLIGHT PROPULSION DIVISION 
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CINCINNATI 15, OHIO cg 
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Checkout Equipment 


System tests the performance of 
RP-76 rocket-powered target mis- 
sile’s tracking, guidance, radio and 
safety equipment. It simulates an 


missile launch at altitude through 
flight and recovery. Visual and 
graphic records on all subsystems 
are provided. —R S_ Electronics 
Corp. 


Circle 87 on postcard for more data 


Radar Augmenter 


System is for increasing radar 
detection range and probability of 
detection of objects with small 
radar cross-sectional areas. It simu- 
lates a 30 sq meter target at X-band 
with 45 deg x 20 deg coverage in 
pulse operation and 100 sq meters 


r 


«sacle iia oa 
with OMNI coverage for CW opera- 
tion. Augmenter displays similar 
performance at other bands; it func- 
tions as a phase coherent repeater 
and/or precise frequency translator 
with 35 db gain for 1 micro-second 
pulses and over 60 db gain for CW 
signals. Simulated doppler output 
(from 10 cps to over 1 MC) exceed- 


76 


ing milliwatt with —5O dbm input 
signals can make stationary or slow 
moving targets assume ICBM char- 
acteristics. Suitable for installation 
in missiles, drones, targets, rockets 
or test laboratory environments.— 
Emerson Electric Mfg. Co. 


Circle 88 on postcard for more data 


Ultrasonic Tester 


Fully transistorized battery-op- 
erated ultrasonic tester measures 
wall thickness between 0.025 and 
2.50 in. The portable unit, desig- 
nated Sonizon SO-300, gives instant 
reading by simply placing a trans- 
ducer on surface to be measured 


and turning a dial. It is housed in 
a high impact-proof plastic case 
measuring 84% x 9%-x 11% in. 
A separate carrying case for bat- 
teries is equipped with shoulder 
straps for use outdoors.—Magna- 
flux Corp. 


Cirele 89 on postcard for more data 


Silicon Zener Diodes 


Tri-Sealed diodes for voltage 
regulation circuits measure 0.300 x 
0.125 diam (not counting leads) 
and are rated at 200 milliwatts 
power dissipation. A complete series 
of 17 types cover the 5.6 to 27 volt 
range, and are designated Types 
XSZ 5.6 through XSZ 27. Units 
demonstrate low zener impedance 
values and sharp zener “knees” for 
optimum voltage regulation. All 
types feature a 3-barrier sealing 
process giving high resistance to 
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humidity, shock and vibration over 
a temperature range from —20° 
to 130°C.—International Rectifier 
Corp. 


Circle 90 on postcard for more data 


Microwave Modulator 


Model 10003 modulator, is for 
operation with beacon type magne- 
trons such as are used in naviga- 
tional radar, and available for other 
applications with similar require- 
ments. It measures 84% x 18 x 12 
in., and contains an internal genera- 
tor providing a pulse width 200 to 
4,000 pps; pulse voltage from 0 to 
5 KV; and pulse current of 2 amps 
max. Pulse repetition rate is con- 
tinuously variable from 0.4 to 2.2 
microseconds. Silicon rectifiers con- 
serve space and provide freedom 
from excessive heat. Safety features 
include automatic sequencing, over- 
load sensing and discharge circuits. 
Weighs 45 Ib.—Narda Microwave 
Corp. 


Circle 91 on postcard for more data 
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Capacitors 


Ceramic capacitors named Cera- 
min, measure (less leads) 0.250-in. 
long. They come in 0.098-in. diam 
for capacitances from 47 to 560 
mmf, and 0.125-in. diam from 680 
to 1200 mmf when fully encapsul- 
ated in glass. They are also available 
temporarily-cased in flexible epoxy 
for use in unitized, customer-potted 
assemblies. These barium - titanate 
capacitors are precision-tuned to 


+5 per cent tolerance to 125°C or 
+10 per cent to 150°C and meet 
the applicable requirements of MIL- 
C-11015A and EIA-SMC-1 speci- 


fications.—Electramics Corp. 
Circle 92 on postcard for more data 


Terminals In Chain 


Tabon terminals for quick con- 
nect/disconnect applications are 
available in chain form for rapid 
machine crimping. They eliminate 


hand labor and assure uniform 
quality. Made with large radii for 
quick, easy insertion; they are vibra- 
tion proof and assure constant uni- 
form electrical contact over the full 
length of mating areas. Made in a 
wide range of wire and insulation 
sizes, they are of self-wiping and 
self-cleaning design. Crimp machine 
is also available for high production. 


—Malco Manufacturing Co. 
Circle 93 om postcard for more data 
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.. . with advanced features for greater 
efficiency, longer life. 


= VARIOUS TIP TYPES AVAILABLE. Made of copper 
for fast heat transfer and premium iron plating for 
long life—with built-in Magnastat sensing device. 

® NEW TIP RETAINING NUT MINIMIZES FREEZING. 
Seals tip receptacle from flux fumes. 


"= NEW RUBBER SHOCK ABSORBER. Also prevents 


& iron from sliding off bench. 


® NEW, RUGGED, NON-ARCING SNAP SWITCH. Guar- 
antees continuous, reliable service. 

= PLASTIC HANDLE. Extra strong—cooler handling. 
® ADVANCED CORD CONNECTION. Locks cord se- 
curely in place, yet permits easy replacement. 


® 2 or 3-WIRE CORDS NOW AVAILABLE for ali models. 
Cords are flexible and light in weight. 


Remember, too, Weller Magnastat Soldering Irons 
automatically maintain the correct soldering tem- 
perature—never overheat. They weigh only half as 
much as uncontrolled irons and give greater heat 
efficiency with lower wattage. This means more re- 
liable soldering, less down time. 


Model TC-552 provides 
2 SOLDERING TEMPERATURES 


. . . low heat for heat-sensitive solder- 

ing . . . higher heat for regular work. $900 
Accomplished by interchanging high list 
and low heat tips. 55 watts. 


2 other Magnastat Soldering Irons are available 


MODEL TC-602. 60 watts, for light to $1 )00 
medium electrical soldering. list 


MODEL TC-1202. 120 watts, for medium $] 1 50 
to heavy electrical soldering. list 
Prices shown are for Magnastat Iron including tip and two wire cord. 


Send for NEW Magnastat Soldering Iron literature. 
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features “building block’ components 
arranged for completely automatic finishing cycles 


An automatic part load/unload and turnover mechanism 
is the latest addition to Osborn’s Rotary Index metal 
finishing units. This feature eliminates the need for 
production machine operators—and means regulated 
work flow plus higher production rates. 

Most significant feature is the use of a standard index 
table and standard finishing heads easily tailored for 
efficient, economical automated finishing operations. 
Other advanced design and construction features make 
these Osborn Metal Finishing Machines worth your 
immediate investigation. 

Your Osborn field specialist has latest application data 
on a wide range of cost-saving finishing methods. An 
Osborn Analysis—made in your plant now at no cost or 
obligation—is the first step to pinpoint savings in your 
operations. Write or call The Osborn Manufacturing 


Company, Dept. AM-12, Cleveland 14, Ohio. Phone. 
ENdicott 1-1900. 


Metal Finishing Machines . . . and Finishing Methods 
Power, Paint and Maintenance Brushes * Foundry Production Machinery 


Circle 31 on Inquiry Card 


New 
Electronic 
Products 


Linear Actuator 


Model 3080, 400-cycle linear 
actuator, qualifies to MIL specifica- 
tions, features an electro-magnetic 
clutch-brake. The unit senses, shuts 
off and holds a predetermined load. 
A micro adjustable end fitting per- 
mits incremental adjustments as low 
as 0.0035 in., after the unit is in- 
stalled in mounting structure. Non- 
jamming mechanical stops provide 
an added fail safe feature. Specifica- 
tions: Normal load, 2200 Ib; max. 
operating load prior to stall, 8000 
Ib; rate of travel, 0.12in./sec; elec- 
trical stroke, 3.125 in; weight, 8.1 


lb.—Hoover Electric Co. 
Circle 94 on postcard for more data 


Umbilical Connector 


Electrical umbilical connector 
disconnects by shearing action. It is 
being used to activate Polaris mis- 
sile into controlled power flight from 
underwater. 126 pins (4 through 
20 contact size) with spring leaf 
contacts and two % in. water 
methanol electronic cooling lines are 
integrated into one compact connec- 
tor plug. This mates with an air- 
borne receptacle that is an integral 
part of the missile-—E. B. Wiggins 
Oil Tool Co., Inc. 


Circle 95 on postcard for more data 


Static Inverter 


Compact static inverter is avail- 
able in three power ratings. It fea- 
tures fast response, low distortion, 
and lightweight design. These single 
phase inverters provide reliable 400 
cps power source for airborne, mis- 
sile or other applications. Transis- 
tor circuitry makes possible small 
sizes, ranging from 4 x 7 x 4 in., 
six lb, to 7 x 10 x 6 in., 20 Ib. 
Aluminum base is utilized to con- 
duct heat away from components. 
—Curtis Winters Co., Inc. 


Circle 96 on postcard for more data 
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New Parts and Components 


' 
Accelerometer 


Temperature-compensated Type 
4-202 strain-gage accelerometer is 
a linear unbonded, bi-directional 
instrument, for measuring accelera- 
tions perpendicular to its mounting 
surface. Weighs less than 3 oz; mea- 
sures | in.* Has linearity and hys- 
teresis rated at less than +0.75 per 
cent of full range output. Tempera- 


See 


, ee 


ture compensation allows static ac- 
curacy from —65° to +250°F. 

Standard ranges are from +5 
to +500g. Input voltage is five volts 
with a full range output of 40 mv 
(+20 mv). — Consolidated Electro- 
dynamics Corp. 


Circle 97 on posteard for more data 


High-Tensile Wire 

With a tensile strength of 575,- 
000 psi (about twice the strength of 
the strongest ordinary carbon steel 
wire) the new wire is combined with 
plastics to form cases to contain 
solid fuels for rockets and for high 
pressure containers. — National- 
Standard Co. 


Circle 98 on postcard for more data 


Gas-Driven Gyro 


The “Genie” is intended as a 
reference instrument for short-range 
missiles, drones and target vehicles. 
Features claimed include: design 
simplicity, a low drift rate, instan- 
taneous start time and long storage 


Aircraft & Missiles 


September -1960. 
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life. Gyro is designed for a drift 
rate of 2 to 4 deg per min under 
extreme missile environments; only 
electrical elements are pick-offs, and 
a firing squib. Initial version, using 
commutator switch pick-offs, can 
readily be adapted to either poten- 
tiometer or magnetic pick-offs.— 
Lear, Inc. 


Circle 99 on postcard for more data 


High-Temp Nut 


FN 1014 featherweight locknut 
for 1000°F applications is rated at 
145,000 psi. It exceeds tensile 
strength, maximum usage tempera- 
ture, magnetic permeability and 
locking torque requirements of NAS 
1291C. FN 1014 nuts are forged 
from A-286, heat and corrosion ré- 
sistent alloy, and are silver plated 
to AMS 2410 standards. Integral 
self-locking feature provides a 3- 
point positive lock. An alternate 
series, designated FN 1014M, fin- 
ished with a molybdenum disulfide 
dry film lubricant is also being made 
available for moderate temperature 
usage. It is for electrical applica- 
tions where low magnetic perme- 


ability is required. Both types are 
made in standard Class 3B sizes 
from #4-40 through %-24.— 
Standard Pressed Steel Co. 


Circle 100 on postcard for more data 


Electronics Cabinets 


Prem-O-Rak sloped-front con- 
sole, consists of a frame and end 
panels. Designed for custom pack- 
aging both singly and for multiple 
installations. Front and rear panel 
mounting angles are adjustable to 


any desired position. A cutout is 
provided in the bottom for leads, 
etc. Holes are punched to accom- 
modate casters. Frames are finished 
in gray Hammertone; end panels in 
brown Hammertone. — Premier 
Metal Products Co. 


Circle 101 on postcard for more data 


Traveling-Wave Tubes 


Type TW-4002F and TW-956H 
are temperature compensated, mag- 
netically shielded, traveling wave 
tubes, for “close quarters” in air- 
borne and missile applications. De- 
signed for pulse and CW operation, 
both use periodic permanent focus- 
ing; both operate without heater 
blankets from —65° to 72°C with 
minimum performance degradation. 
They have a relatively flat fre- 
quency response over an octave, 

continued on following page 


UN” Seles ae vor ee Fee Oe te orl in hag eae ene. 7 cn aoe , 3 ee Se Ci ty ee 3 
as ; ; Z Tire Rg Rei rk Ce 9 * eee gia Rees po ps x SNe: + ae 
r g ee aie Oe etenate "> A AIGaG I teat ae ie ea ete te. mG Fie et Pega tire 1 og 5 ee Re es Bok 
Ri, aia : a ‘= eerie Yl ph Sie tc lieaie ey SA ne oT Yee ay ig A CR) NORE aC ee 
ee : pins aly yt hig Sa ee es pare CE aa Oe bre OCs eae ees ay as ie ad, Ra a 
: : $ é es. 2 hi ee PS el Ame a x Se. RRM a Gare ee Re it eet ete. ae ‘— “ 
’ Ee —— , 7 seid aaiiaaeal Bi 55 ath 
#20 
Bee es 
: ae 
XS om es 
" Sama 
‘ ’ . } ae: 
‘ se ee 
: ’ i. 
a 
\ i ae 
ae 
‘ats 
; : . ‘Lgatage 
- ‘ eA 
es 
pe 
: . ame ae 
: “* are 
é me 2 oe 
a ‘ rs ere cr 
- Res ia 
F a ‘ “OE 2. 
a ie ie 
oe: ‘ Bs ae ws a “o) 1. sa 
~ ea . Bes : ee 
a iio ris ; Ree 4 
‘ “ig — E i ee ae 
se eer oe x ae 7 eee 
oy a Bi 4 fle 
; _ ae ‘ Sees aes 
; i Sa ‘ le eres 
‘ . © Ahaha teas ‘ Re iter 
: ea Jy a oe Sees 
Mice eens 
ai oe. en 
=) as 
Pres 
Big oer 
Bh de aa 
Ve 
Dit og ie 
‘ ‘ : ’ , ia hs 
> wt 4 es re 
s Beri 
he ae 
i. a ~3 aoe 
' ) Z . ea 
‘ Fane. 
t N % Sail is oR 
i F a: es ot, 
j 5 “ Bie Re 
‘ i Pe? ‘ + ee rotinernemnagenclatta bed Sgn 
i : ‘ Ge _ ioe eee: 
: —_ 1 : a |” 4 Be over 5 Se 
j > : 4 ‘ a \ . Bee i 
: a : i fiche ale eS, 
iq ; “y 4 aioe \ { ian 
' 4 = r 4 ‘oe , \ ; is Bag pas. ag 
: q " oe , Reka t: 
mw ; 4 | oan ‘ tet 7 
SN a Rey 
‘ a i ee ee 
i , aa { ‘Satan 
ae * uaa Steen 
: — | “ ey aes 
: a a — ae 
4 io: oa — CO “ Ses 
ae " oe ~~ - ACE 
i bee ie lke pee es he 
SR ‘ Bae is Be ye Spas 
a F a8 FR Gay. a ee 
; * : BS" we te hee 
ce . — Bi) ig 2 ie ae 
" BE ee a ae Pen. 
5 a Bid egaee.- Seas «: Dee eae 
BE eee 2 a 
Bek. } ee oa Pehl ; ee 
; “ae ie ees oe Beer 
<a et. ae Be +5 Sk ies eS ne 
hes . pnt ae a eam ‘ Bist tie 
. | hee Remy 
‘es > are 
‘ " ~ . ee 
a 5 
aut eo 
Ly Se ee 
ee 
2 
Bec? 
: Bie sh ope 
ee! 
iis 
. ae 
Se 
ee 
ee sy 
» Peace Ae 
ee ee 
% yi ae 
Po oS 
> aie 
at 
ett Pane 
ae 
4 Ss i 
a 
et aiey 
=_— aa . citinattainvarnerctimmmaiiadniiaasiam ae 
; ae ee 
ES ee 
7 ry vy 9 4 Ba 2 " 
% . ‘2a Wee 
po \ —— CS: 
“ , * Se — Beat = 
i a ) ae 
a & a" i Pees, 
ait Ze _ ae ; Ras ae 
" ii we Bigetere 
5 net ’ ; Bete 
ae eas | 3 eee Fs 
arr alte 
cd Bt): , j pee 
aes = © Sat 4 j eee 
| | Te “tb — i ae 
oo = € gener 
a” esa ee 
| Rg 
Beas re 
a eed 
bees es 
a 793 = 
aa” 
at . 
oe an. 
a ee 
is > , Aes i ee ee amet Jib =i. ea en Ste yt eer ee fo ee tae re, er ee 3 eee a eeeesee es ie 
. 2 2 i A “= i as ae Sat? > Were eames oe Se a oe Fae ete _ a or sy i = Shi Aud Sas eae ae 
paeest i ee a ae lest os > ASME e273 "head an ee oe re sae | cir ae ae Bag 
Aye een, 2 PAS ove Be i < = eas Rese. eo “ “Fectegmiamammm fea Sib oct =< Aa a “s et aa . i fee ee eS AS Fa 
7 ot Sates fe 4 PRUE ce > Sa ic ee a a eet ie i Soaeateetaee Sih. Aen dy iis ba 


Proved! New, Better Way to 
Seal Drilled Holes with. . 


TAPEREG 
Pie | 


Inserts 
by 
hand 


REAMED 


Less fo 
Less cost! 


NEW (Ceu-PLUGS 


Seal simply, positively 
Prevent costly leaks! 


Now — forget conventional, costly 
methods of sealing holes that serve 
as flow or pressure passages. The 
Lee “Pin Plug” is a cylindrical plug 
with a tapered reamed hole partway 
through its center and numerous 
small grooves on its outside surface. 
Simply place it into reamed hole 
and drive in the tapered pin until 
ends are flush. Controlled expan- 
sion causes grooves in plug to “bite” 
into casting and form independent 
seals and retaining rings. Extensive 
laboratory tests report no leaks un- 
der normal pressures, often show 
bone dry seals up to pressures of 
40,000 psi. 


Now successfully and widely used 
on aircraft and missiles — for 
pumps, servo valves, regulators, 
etc. Available steel and aluminum 
and in both long and short series. 


© Pat #2,821,323 


New Parts 
and 
Components 


from 2.0 to 4.0 KMC. Each unit 


| weighs approximately three pounds, 


is about 15 in. long, and has a 1.4- 


_ in. capsule diam.—Sylvania Electric 
| Products. 


Circle 102 on postcard for more data 


Radiometer Reflector 


Made of cobalt-base alloy No. 
25, the reflector is for airborne 
radiometers used by Naval Research 
Lab. Strength, durability, resistance 


to tarnishing, and high reflectivity 
in the infra-red range were reasons 
this alloy was chosen. — Haynes 
Stellite Co. 


Circle 103 on postcard for more data 


Ball Valve 


“Free-Turn” ball valve is de- 
signed for service with both non- 
corrosive and corrosive liquids and 
gases under extreme pressure and 
temperature conditions, especially 
in cryogenics and in atomic-reactor 


aa mePRILL HOLE te-20 = installations. It can be adapted for 
P In remote control. Special Geneva 
your seal lifting mechanism offers in- 

GH athe creased mechanical advantage at the 


SOME TERRITORIES STILL OPEN FOR QUALIFIED 
TECHNICAL SALES REPRESENTATIVES. 


Write today for Standard 
Sizes and Engineering Data 


nearly closed position where hydro- 
dynamic forces are greatest, and pro- 
vides a positive lock at both open 
and closed positions.—Dyna-Matics 
Corp. 


Circle 104 on postcard for more data 


Dual-Purpose Pump 
A hydraulic unit, works either 


| aS a pump or motor; has missile ap- 


ane a 


THE LEE COMPANY OLD SAYBROOK, CONN. 


| plications. As a motor it is capable 
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of exceeding 40,000 rpm. As a 
pump it can produce line pressures 
of up to 2000 psi. It consists of a 
bronze cylinder block which houses 
seven radially-disposed pistons. Cyl- 
inder rotates around a hardened steel 
distributor shaft and the pistons 
bear against a circular track which is 
placed eccentrically to the central 
shaft. Mounting arrangements and 
connecting methods are available to 
suit individual requirements.—Boul- 
ton Paul Aircraft. 


Cirele 105 on po -t-ard for more daa 


Synchros 


A new line of Size 11 synchros 
meet or surpass MIL-S-20708 speci- 
fications. Special potting compound 
makes possible operating stability 
throughout temperature range of 
55° to 85°C. Higher temperature 


range units with these same char- 
acteristics (—55° to 200°C) are 
available on special request. Units 
are available in accuracy of 3 min 
of arc.—Norden. 


Cirele 106 on postcard for more data 
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“the life of an ATLAS tank section 
begins in the town of Washington, Pa. 


.. . where the Washington Steel Corporation produces thin- 
gauge Stainless Steel in long, flexible bands about a yard wide.” 
Washington Steel Corporation is the exclusive supplier of stainless 


skin for the ATLAS program for a very good reason: it has been able to 


meet the exacting specifications laid down for this specific undertaking. 


Washington Steel Corporation is the pioneer in precision-rolling of 


light gauge stainless sheets by the Sendzimir process. 


*ATLAS—The Story of a Missile 
by John L. Chapman, ©1960 


WASHINGTON STEEL CORPORATION 


9-H WOODLAND AVENUE WASHINGTON, PA. 
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Into orbit goes a product 
of years of exhaustive re- 


search. 
When the count down oc: 
curs; the critical product 


. mu } meet the demands. 


For years Wall Tube’s 
depth of experience has 
met the demands of even 
the most exacting tests. 
Seamless and welded 


stainless steel tub 
of the hig ie qualiny 


s the Wall Tube 
standard. 

Our representatives 
are anxious to dem. 
ro Me ew 
Wall tubing line 
Investigate this 
vital new 
source 
today! 


Circle 34 on Inquiry Card 


. 


Corporate Brochure 

Brochure illustrates, describes 
scope of firm’s activities—-The Mar- 
tin Co. 


Circle 107 on postcard for more data 


AFMTC 

Brochure illustrates activities at 
ARDC’s Missile Test Center, Patrick 
Air Force Base.—Air Force Missile 
Test Center. 


Cirele 108 on postcard for more data 


Numerical Control 
Circular on numerically-controlled 
equipment.—Pratt & Whitney Co. 


Circle 109 on postcard for more data 


3 M Products 

Booklet describes firm’s products 
for the aerospace age.—Minnesota 
Mining and Manufacturing Co. 


Circle 110 on postcard for more data 


Servomanometers 

Bulletin 500 on servomanometer 
line.—Evxactel Instrument. 

Circle 111 on postcard for more data 


Hydrogen Embrittlement 

Special report makes recommen- 
dations for eliminating hydrogen em- 
brittlement in threaded fasteners.— 
Standard Pressed Steel Co. 


Circle 112 on postcard for more data 


Goodrich Resources 
Folder shows firm’s products, ma- 


terials for missiles —B. F. Goodrich. 
Cirele 113 on postcard for more data 


NERV 

Four-page brochure, describes the 
Nuclear Emulsion Recovery Vehicle 
that will be used to obtain a profile 
picture of the Van Allen Radiation 
Belt.—Missile and Space Vehicle 
Department, General Electric Co. 


Circle 114 on postcard for more data 


Amcel 
Twenty-page two-color brochure 
introduces firm’s purpose, personnel 


and plant.—Ameel Propulsion Inc. 
Circle 115 on postcard for more data 


CECO 

Booklet describes products, facili- 
ties and capabilities. — Chandler 
Evans Corporation. 

Cirele 116 on postcard for more data 


Shaw Process 

New 56-page brochure describes 
the Shaw Process precision casting 
technique. — Shaw Process Develop- 
ment Corp. 


Cirele 117 on postcard for more data 


<<. 3 


XY 


Superfinishers 

Catalog explains Superfinish proc- 
ess; shows various machines, floor 
plans.—Gisholt Machine Co. 


Circle 118 on postcard for more data 


RF Connectors 
Wide range of TNC types de- 
scribed.—General RF Fittings Inc. 


Circle 119 on postcard for more data 


Portable Air Tools 

Tool selection manual concentrates 
on Torque ranges from 2 in. lb. to 160 
in. lb.—Master Power Corp. 

Circle 120 on postcard for more data 


Numerical Control 
Booklet on numerically-controlled 
machine tools.—Ex-Cell-O Corp. 


Circle 121 on postcard for more data 
Plastic Guide 

Pocket guide to drill sizes and ma- 
terial thickness for use with Cherry 
Rivets.—Cherry Rivet Div., Townsend 
Co. 

Circle 122 on postcard for more data 
Graphite Cloth 

Detailed property data on graphite 
woven fabrics and their relation to 


industrial applications. — National 
Carbon Co., Div. of Union Carbide 
Corp. 


Cirele 123 on posteard for more data 


Waste King 

Brochure shows capabilities in air 
data probes, hose reel gear drives, 
other aerospace equipment.—Techni- 
cal Products Div., Waste King Corp. 


Circle 124 on postcard for more data 


X-ray Machine 

Brochure explains how hospital’s 
Van de Graaff accelerator is turned to 
part-time industrial use. — Southern 


California Cancer Center. 
Cirele 125 on postcard for more data 


Motor Generators 

New line of motor generators de- 
scribed.—Leach Corp. 

Circle 126 on posteard for more data 
Multipress 

Complete description of operation 
of Multipress line. — Denison Engi- 
neering Div., American Brake Shoe 
Co. 


Circle 127 on posteard for more data 


Centerless Grinder 

Catalog 1328 on new straddle- 
bearing centerless grinder. — Norton 
Co. 


Circle 128 on postcard for more data 
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if you are considering plant loca- 
tion in Florida, official help in the 
— areas is available: 


r ety Meroe “same srreey 


te ll a tells 8 i 1 


MRALTTIEAL, STUDIES 


STAFF "visits 
ON-THE-GROUND EVALUATIONS — 
MUNICIPAL CONFERENCES 


SITES, BUILDINGS 
AND FINANCING 


og rs + INN 
De. ess ceiewnih =i ad 


hacen ant 


Jka. atlas crate. — * 


MANPOWER 
MARKETS 
POWER AND WATER 


~—— 2 
\ inate <li atte 


TRANSPORTATION 


NATURAL RESOURCES, 
RAW MATERIALS 


SUPPLIES AND SERVICES 


TAXES, GOVERNMENT 
REGULATIONS — SERVICES 


Bae TE AD a I et ES 


MUNICIPAL COOPERATION 


oR NERS On ek gE Se OOS RETOUR 


a sar ropenanaerenamaamemr ents 


pes 
a AE ee eae ae Sheen 


Even if you are only considering the 
possibility of locating in this area, it 
will be to your advantage to write for 
further information. On your letterhead, 
just request additional details or write 
for any of the publications listed below. 
All correspondence will be held in 
strictest confidence. 


e Manufacture 

in Metropolitan Miami 
e Economic Survey 

of Metropolitan Miami + 


* Metropolitan Miami 
Manufacturers’ Directory 


Write: W. RICHARD WELSH. Director 


eS 


Circle 35 on facies € Card 
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Shielded Enclosures 

Design features, general descrip- 
tion of mobile shielded enclosures.— 
Ace Engineering & Machine Co. 


Circle 129 on postcard for more data 


Crystal Oven 

Bulletin RF-594 includes design 
of stabilized-temperature change-of 
state crystal oven.—Robertshaw-Ful- 


ton Controls Co. 
Cirele 130 on postcard for more data 


Test Accessories 
Catalog 5-60, electronic test acces- 


sories.—Pomona Electronics Co. 
Circle 131 on postcard for more data 


Noise Measurement 

Bulletin on Model 315 resistor- 
noise test set.—Quan-Tech Labora- 
tories. 

Circle 132 on postcard for more data 


Components 

Catalog on thermistors, varistors. 
Form V 383 on “Chopperette” switch- 
ing device. — Victory Engineering 
Corp. 


Circle 133 on postcard for more data 


Martin-Denver 

Brochure is an illustrated reprint 
of reporter’s articles about his tour 
of missile plant—The Martin Co. 


Circle 134 on postcard for more data 


Tachometry Applications 

Bulletin on ways of monitoring or 
controlling rotating units. — Waugh 
Engineering Co. 

Circle 135 on postcard for more data 


J85 

Bulletin GED-4095 is new illus- 
trated description of turbojet, includ- 
ing STOL and VTOL uses.—General 
Electric Co. 


Circle 136 on postcard for more data 


De-icers 

Bulletin on firm’s pneumatic de- 
Icers.— B. F. Goodrich Aviation 
Products. 


Circle 137 on postcard for more data 


Cleveland Automatic 

New bulletin on 3 inch Model 
“AB” Cleveland Dialmatie with 112 
spindle speeds.—The Cleveland Au- 
tomatic Machine Co. 

Circle 138 on postcard for more data 


Milwaukee-Matic 

Manual WS-59 aims at giving 
management complete picture of Mil- 
waukee-Matic system and how ma- 


chines operate—Kearney & Trecker. 
Circle 139 on postcard for more data 


Adel Activities 


Bulletin on products, facilities.— 
Adel Precision Products. 
Circle 140 on postcard for more data 


New Refractory 

Data on CRYSTOLON 63 silicon 
carbide.—Norton Co. 

Circle 141 on postcard for more data 


AMAZING 
BRAZING 


WESTERN style! 


Amazing brazing? It is to some. 


But our clients in the Aircraft/ 
Rocket/Missile field have learned to 
expect unusual performance. 


These firms know our ability and 
special facilities. They know we do the 
finest work with super-dry hydrogen and 
nickel alloy for brazing aircraft, rocket 
and missile components. 


For consultation, WESTERN style, 
we invite you to contact our Engineer- 
ing Department regarding your brazing 
problems. You are under no obligation, 
but you may benefit from our experience. 


Get the complete Western Atloy 
story. Write today for ‘Trail Brazing 
for the Space Age.’’ Use handy coupor® 
below. 


847 Truck Way 
ontebello, California 


RAymond 3-9937 


Western Alloy Engineering Co. Inc. 
847 Truck Way, Montebello, Calif. 


Please send me, without obligation, the bro- 
chure “Trail Brazing for the Space Age.” 


Company Name 


By a ae :. 


ae ae? 
Address _ — : 
City Zone State 
AMAZING BRAZING 


Circle 50 on Inquiry Card 
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NASA Briefs Industry 


The National Aeronautics and 
Space Administration has given in- 
dustry new facts about coming ex- 
periments. NASA told 1300 gov- 
ernment, industry and university 
officials at a Washington briefing: 

@ Procurement action is under- 
way in the Orbiting Astronomical 
Observatory program. Procurement 
action on the Orbiting Geophysical 
Observatory (geodetic satellite) pro- 
gram begins in four to six months. 
These will embody the concept of 
standardized satellite units (similar 
basic structures used for a number 
of flights). 

© Astronomical observatories, 
weighing an estimated 3500 Ib., will 
be part of NASA’s large satellite 
program calling for at least four 
500-3500 Ib. satellites each year by 
1964. The “OAO” satellites will be 
procured through NASA’s Goddard 
Space Flight Center. 

@ Specific items to be procured 
for NASA satellite systems will in- 
clude ion mass spectrometers, vac- 
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NIMBUS I advanced meterorological satellite is to be 
launched into polar orbit. TV and infrared subsystems 
are pointed at Earth in lower portion of satellite. 
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uum gages, radiation detectors and 
analyzers, ultraviolet and X-ray de- 
tectors and analyzers, directional 
magnetometers, plasma probes, tele- 
scope pointer controls. In NASA 
planning, about 100 sounding rock- 
ets will be launched a year by 1962; 
six “small” (under 500 Ib) satellites 
will be launched yearly by *63. 

@ Development team for Sur- 
veyor, a vehicle for soft landing a 
100 to 300-Ib payload on the Moon, 
will be selected by early 1961. 
Project, using Centaur, is slated for 
1963-64 launch; later versions may 
use Saturn. Another lunar soft-land- 
ing spacecraft will be dubbed 
Prospector. 

@ Later phases of Project 
Ranger, which calls for lunar impact 
in 1962, will have survivable capsule 
and seismometer. Capsule is being 
developed by Aeronutronics. 

@ Version of lunar spacecraft, 
differing primarily in instrumenta- 
tion, will be used on early planetary 
missions to Mars and Venus. (Proj- 
ect Mariner). 

@ Future procurement for lunar 
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and planetary missions will include 
following types of environmental in- 
struments: micrometeoroid detec- 
tors, pressure temperature and ion- 
ization gages, sound detectors and 
analyzers, mass spectrometers. 

@ Following observational in- 
struments are also needed for these 
missions: television equipment, radar 
(to be utilized on lunar surface and 
in orbit), spectrometers, seismom- 
eters, magnetometers, penetrom- 
eters, chemical analyzers, microbio- 
logical equipment, gravimeters. 

@ NASA’s Langley Research 
Center is evaluating bids for studies 
of rigidizing reflective structures 
which will be considerably larger 
than Project Echo 100-ft diam satel- 
lite. One of these large reflectors is 
slated for launch in 1962. NASA 
referred to entire program of passive 
communications satellites as Project 
Rebound. 

@ Development of Aeros station- 
ary meteorological satellite may be- 
gin in 1962, with possible launching 
in 1964. 


continued on next page 


SURVEYOR is project for soft-landing a 100-300 Ib. 
payload on lunar surface. Four studies are underway 
and development team may be selected early in 1961. 
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® Contract for design, engineer- 
ing and fabrication of the Apollo 
advanced spaceship will probably be 
awarded in Fiscal 1962. Apollo is 
to be able to carry three men around 
the Earth or Moon. Project will be 
directed by the Space Task Group 
which is now managing Mercury. 
First Earth-orbit may come in 1966. 

@ Nimbus, advanced meteoro- 
logical satellite, is slated for the 
latter part of 1961. This will be a 
600-700-Ib follow-on to Tiros. 
Prime contractor may be picked this 
Fall. 

(The Astronomical Observatory 
satellites will carry telescopes for 
precise studies of sun and stars. 
Data is expected to increase knowl- 
edge of both the Earth’s environ- 
ment and the space environment. 

NASA indicates that the OAO 
project may eventually include 24- 
hour synchronous satellites. The 
telescopes are expected to be about 
36 or 40 inches in diam. They are 
to be pointed at a star within one 
second of arc for about 40 seconds.) 

The 650 Ib Nimbus payload 
will be boosted by Thor-Agena B 


to an altitude of about 600 miles. 
Orbit will be circular and inclined 
about 80°, slightly retrograde, so 
that the plane of the orbit always 
includes the Earth-Sun line. Satel- 
lite will always pass over local areas 
at local noon. 


The three subsystems of Nimbus 
will be: power subsystem using two 
paddle structures covered with solar 
cells; stabilization subsystem using 
pneumatic jets and inertia wheels 
to keep satellite pointed directly 
at Earth with accuracy of 1° in all 
three axes; sensory subsystem in- 
cluding improved TV vidicon pro- 
viding almost complete coverage of 
the globe. 


Jet Propulsion Laboratory will 
execute the lunar, planetary and in- 
terplanetary programs under NASA 
direction. 

NASA expects to spend $15- 
billion in the next 10 years on space 
exploration. The briefing was re- 
garded as a move to invite further 
industry participation. An estimated 
75 per cent of the money is to go to 
industry and institutions. 


NASA’s Major Target Dates 


1960—Fire astronaut in nose cone 
of rocket. 

1961—Launch astronaut into orbit, 
hit moon, with instrumented 
package, launch first power- 
ful Centaur upper - stage 
booster rocket. 

1962—Launch first instrumented 
probe to vicinity of Venus 
or Mars or both; launch first 
1,500,000-Ib-thrust Saturn 
booster. 

1963—Send unmanned spacecraft 
to controlled landing on 
moon. 

1964—Launch an orbiting astro- 
nomical observatory. 

1964—Send first unmanned space- 
ship around moon and back; 
attempt first reconnaissance 

, Of Mars or Venus with an 

unmanned vehicle. 

1965—Make first test flight of nu- 
clear second-stage rocket. 
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1965-—Fire first rockets in program 


1967 leading to manned flight 
around the moon and to a 
near-Earth space station. 

After 

1970—Manned flight to Moon and 


back. 


OAO PROJECT will orbit tele- 
scopes to study stars. Telescope 
platform at Ames Research Center 
is supported on air bearing in stabi- 
lization studies. 
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where precision 
counts... 
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count on 
Airetool grinders 
for fine 

metal finishing 


In aircraft and missile develop- 
ment, where success hinges on 
extreme accuracy, Airetool 
grinders meet and exceed most 
requirements for precision 
grinding and fine finishing of 
dies and metals. Rugged, air- 
driven motors supply power to 
spare; strong, lightweight con- 
struction stands up under con- 

' stant use; perfect balance 
makes handling easy. 


And, for important tubular 
sub-assemblies, where tubes 
must be expanded into another 
assembly, check the speed and 
accuracy of AIRETROL tube 
expansion control. One man 
rolls up to 12 tubes a minute 
to + .001” accuracy and pro- 
duces strong, uniformly tight 
joints every time. 


Prove Airetool capabilities 
for yourself; write us about our 
no-obligation, in-plant demon- 
stration of all Airetool pneu- 
matic production tools and 
equipment. 
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More than 30 years’ 
experience in 
pneumatic tools. 


BRANCH OFFICES: New York, Chicago, Tulsa, Phila- 
deiphia, Houston, Baton Rouge 

REPRESENTATIVES in principal cities of U.S.A., 
Canada, Mexico, South America, Puerto Rico, 
England, Europe, Italy, Japan, Howaii 

CANADIAN PLANT: Brantford, Ontario 

EUROPEAN PLANT: Vicardingen, The Netherlands 
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12,000 psi 


... discharge capacities 
to 150 scfm 
with 
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on Me CENTRAL COMPRESSION SYSTEMS 


La ee 
“ ne see OY 
ca 


New Technical 
Data and 
Catalog. 

See offer 
below. 
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Cardair Central Compression Systems 
(completely packaged, semi-portable)—are 
today handling air and a variety of gases 
—helium, nitrogen, argon, etc.—at pres- 
sures ranging from 4,000 to 12,000 psi with 
discharge capacities from 50 to 150 scfm. 
Even hydrogen is being safely compressed 
to elevated pressures. 

Systems can be provided from stock 
with guaranteed purification of delivered 
gas to —100°F. dew point and less than 
4 ppm oil content. Specially engineered 
systems to meet your particular require- 
ments can be supplied from standard 
components. 

This performance is demonstrated by 
exacting rocket and missile service and 
continuously growing use by prime con- 
tractors, suppliers of missile components 
and controls, and testing laboratories. It 
is backed by over 20 years of compressor 
design and application experience. 


. ra 
Model PB-CCS—One of a wide selection of systems 
4-stage air-cooled Compression System—Pressure Range: 


6,000—12,000 psig—induction: 65 to 135 psig—Capacity: 
75 scfm Na and Air; 70 scfm He—Guaranteed Gas Purity: 
~100°F. Dew Point, less than 4 ppm oil content. 


‘ 
FOR YOUR FREE CATALOG, clip this 
to your signed letterhead and mail to: 


1 

1 

' 

1 

; CARDAIR DIVISION OF 

1 MARMON-HERRINGTON COMPANY, INC. 
: Dept. 10, 307 N. Michigan Ave... Chicago |, tI. 
1 
1 
1 


WESTERN STATES DISTRIBUTOR: 
General Air Equipment 
824 Hollywood Way, Burbank, Cal. 
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Project LAMP 


Lunar Analysis and Mapping 
Program (LAMP), in progress under 
direction of the Army Corps of 
Engineers, includes three distinct 
projects: 

@ The production of a 1:5,000,- 
000 scale lunar topographic map 
based upon presently available lunar 
photography. This map, currently 
being compiled by photogrammetric 
procedures at the Army Map Ser- 
vice, will be controlled by seleno- 
detic data being derived from the 
measurement of 56 carefully se- 
lected lunar photographs. The mea- 
sured X, Y, and Z coordinates on 
these photographs will be tied to the 
datum established by Watts of the 
U. S. Naval Observatory for the 
lunar limb. 
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@ Detailed studies related to 
means of acquiring lunar photog- 
raphy from near-earth based plat- 
forms such as balloons sent aloft to 
an altitude of approximately 100,- 
000 feet. Image resolution in pho- 
tography taken from such an aerial 
platform should enable more ac- 
curate mapping to be accomplished 
and more detailed petrological stud- 
ies of the moon to be prepared. 

@ Detailed systems studies in- 
corporating radar interrogation tech- 
niques and photographic sensing 
from moon-orbiting vehicles as a 
means of gaining information in 
support of hard and soft landings 
on the moon. 


Handbook in Demand 


The Second Annual Missile 
Handbook can still be obtained 
from The Association of Missile & 
Rocket Industries (AMRI), 1226 
National Press Building, Washing- 
ton 4, D. C. Price is $4, including 
updatings through July. 


SILICONE NEWS from Dow Corning 


Write to 
Dept. 0309 for 


information 


By Jupiter... 
it’s reliable! 


Reliable . . . that one word sums up 
the record established by the Army’s 
Jupiter and the performance. of 
Silastic®, the Dow Corning silicone 
rubber is part of that record. 


Rubber ducts must not crack even 
though frozen hard and brittle by 
liquid nitrogen. Access door seals 
must remain a rubbery seal despite 
high skin temperatures. Rubber parts 
must be “ready-to-go” even after long 
storage without signs of aging cracks. 
Chrysler Missile Division engineers 
specified Silastic to help keep the 
Jupiter ready . . . Silastic, flexible 
from —130 to 500F and ageless 
in storage. 


Photo courtesy Chrysler Missiles Division 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 
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Packaging an Echo 


Project Echo’s .0005-inch-thick 
mylar satellite was 157 feet long 
when laid out on a work table at 
the Langley Research Center. In 
packing the plastic for its space 
mission, residual air was forced out 
through 242 pin holes. Fabric was 
then folded into 26-inch mag- 
nesium container. This payload was 
placed in a pressure chamber for 
final evacuation of air. 

Packaging took place in a 
special plastic facility at Langley. It 
was only one step in a processing 
procedure which took about one 
month. 

Container was built by Kaiser 
Fleetwings Inc. to Langley draw- 
ings. On arrival at Langley it went 
through intensive vibration and 
pressure tests. O ring seals were 
used for vacuum sealing. 

Satellite, manufactured by the 
G. T. Schjeldahl Co., included 
about five miles of seams. It was 
inspected on special folding table 
on arrival. It was then inflated to 
its full 100-ft.-diam.; solar-powered 
beacons were installed; satellite was 
deflated, and folded into its canister. 
Dynamic balancing and pressure 
tests followed. 

Vapor depositer for inflating 
Echo was made by National Metal- 
lizing Co., Div. of Standard Pack- 
aging. Radio Corp. of America 
made the beacons. 

Langley is now evaluating bids 
for studies of rigidizing larger re- 
flective structures. First of these 
large passive communications satel- 
lites may be launched in 1962. 


PRESSURE CHAMBER is used 
for final evacuation of air trapped 
inside satellite and container. 
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SEPARATION SPRING 
CONTAINER HALF 
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HEMISPHERICAL SECTIONS fit together. The 


NASA ECHO COMMUNICATIONS SATELLITE 
LAUNCHING CONDITION 


TELEMETER— 
SEPARATION MECHANISM 


SATELLITE 


CONTAINER 


\_ CONTAINER OPENING 
MECHANISM 


» 
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orbit by an explosive charge. Satellite then inflates automatically. Cotton 
strings inside section (foreground) allow air trapped in folded satellite to 


follow their course and escape. 


VIBRATION TESTING is one part 
of rigorous checkout procedures at 
Langley Research Center. 


Fe ee. ee 


a iid 
ECHO PAYLOAD comprises: 31,- 
416 sq. ft. of aluminized mylar 


folded inside container. 
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MISSILES 
BREATHE TOO 
YOU KNOW... 


... that’s why major 
missile manufacturers 


specify MIDGET 
LOUVERS 


In seven sizes to meet your needs 

— one inch through six inches. 
Available in chrome, aluminum 
and copper rustproof finish 


Industry 
Notes 


R & D Briefs 


Space power project, called 
“Spur,” now has Garrett Corp.’s 
AiResearch Manufacturing Div. as 
prime. Nuclear-mechanical power 
system is to be capable of a con- 
tinuous 300-kw output for about 
one year. 

Vibration analyzer just devel- 
oped by Convair can detect the 
exact source of vibration in an as- 


“REGULAR” 
—with screen 
and all-weather 
deflector. 


“LD” —screened 

for interior and 
rotected exterior 
ocations. 


Circle 39 on Inquiry Card 


... installs easily and quickly. 
Write for our catalogue sheet. 


MIDGET LOUVER/COMPANY 
6 Wall Street 


sembled jet engine. 

Rotary recovery device is being 
developed at Kaman Aircraft for 
the Air Force. Firm will study how 
helicopter-like rotary wings could 
slow descent of vehicles to earth. 

Solar power generator is to be 
ground tested at Hamilton Standard, 
Div. of United Aircraft, this Fall. 
This 100-watt unit will later be de- 
signed as a 1500-watt model suit- 

~ able for satellites in 90-minute 


Norwalk, Conn, 


CIRCLE SEAL eS a as 


RELIEF VALVES fr. 


ZERO LEAKAGE AT 
OPERATING PRESSURES 


Where unfailing relief valve performance is an abso- 
lute necessity ... exacting CIRCLE SEAL 5100 Series 
valves provide the one perfect answer for critical serv- 
ice requirements. Each valve incorporates the scientific 
principles and exacting manufacturing methods that 
have made Circle Seal valves superior examples of 
the valve maker's art. Each Circle Seal 5100 Series 
valve offers these advantages: « Zero Leakage « Dead 
Tight Reseat « Minimum Pressure Rise During Opening 
e Excellent Flow Characteristics « Tamper-Proof But 
Adjustable Settings *« No Chatter Or Squeal e« Mainte- 
nance-Free Service Life. 


omen) 
® SEAL 


precision valves 


Write for free engineering data. 


JAMES, POND & CLARK, INC. 
2181 East Foothill Bivd., Pasadena, Calif. 
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sprayed on Rocketdyne’s test stands 
at Neosho for erosion protection. 
Research operations at Aecro- 
nutronic Div., Ford Motor Co., 
have been reorganized to emphasize 
“the important and basic scientific 
disciplines.”” New research headings 
include Physical Electronics and 
Bionics; Mathematics and Comput- 


moses SOY 
PRESSURIZED EOS 
SYSTEMS p, oe \ 


ee 


— 
ae 


Pe ing; Physics; Chemistry and Ma- 
terials. 
! 1 <5 
AIRCRAFT . 
ee Rea eee * ee as ae 
MISSILES ’ :, — 
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NEW “WASP,” versatile six-seater, 
is now in production at Westland 
Aircraft Ltd. Powered by 970 
Blackburn Nimbus free turbine, 
Wasp has climbed 180 ft/min at 
14,000 ft. 


TEST 
EQUIPMENT 
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Establish your own 
Branson 


DEW Line 


with 


Sonoray® and Sonogate | 


*Definite Early Warning 


Early warning of internal defects pre. 
vents further waste of time and money 
on materials and parts that would later 
be rejected or fail in service / Here, for 
instance, a Sonoray® Ultrasonic Flaw 
Detector with accessory Model B Sono- 
gate Flaw Alarm, immersion-scans a 
vital bi-metallic rotary seal. Every var- 
iation in bond between the two dis- 
similar materials is revealed on the 
CRT and strip-recorded as the part 
rotates on the submerged turntable / 
This is just one of the many DEW* 
techniques available with Branson 
Ultrasonic Flaw- 
Detection and 
Thickness-Gaging 
equipment. State 
your problem in 
detail when re- 
questing further 
information. 


Since 1946 The Respected Name in Ultrasonics 


Branson 


INSTRUMENTS, INC. 


58 BROWN HOUSE RD., STAMFORD, CONN. 
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Production Techniques 


Sand blast cleaning is being util- 
ized during production of sound 
suppressor - thrust reverser assem- 
blies at Rohr Aircraft. Cleaning is 
done in a special blast room at 
Rohr’s Chula Vista, Calif. plant. 
Assemblies are used with Boeing 
707’s. 

Mark Century numerical con- 


| trol system for metalworking ma- 


chines was recently announced by 
General Electric. First models are 


_ of the numerical contouring type. 


Engineer-Writers 
A recent notice issued by Ken- 


_dall Perkins, vice president of en- 


| gineering, McDonnell Aircraft, urges 
| company engineers to write for pro- 


fessional journals and outside pub- 
lications. 

Company assistance in the form 
of “typing, art work and reproduc- 
tion facilities” are offered. The en- 
gineer may “employ a reasonable 
amount of time within the regular 


_working period” to prepare his 
_ papers. 


| 


Cost per man-hour for technical 
writing courses runs an estimated 
69.6 cents. Writing classes have en- 
rollment of 174 engineers studying 
32 hours per course. 


duction of ceramics for electronic 
applications at Diamonite Products 
Mfg. Co., Shreve, O. System elimi- 
nates filter pressing and drying. 
Manufacturer: Bowen Engineering, 
North Branch, N. J. 


example... 


FIBERITE 


Compression molded 
high temperature 

insulation materials/, 
atwork... 


red eye’: : 
imissile 


VU Nose Cones 


Exit Cones and Aft Closures — 


Minimum erosion, ablation 
combined with dimensional 
stability and shock resistance 
over 5000°F. " 

Fiberite compression molded 
high temperature insulation 
materials designed for MIL- 
M-19536 applications; chopped 
fiber impregnated phenolic 
with special reinforcement 
materials as fiberglass, graph- 
ite cloth, ceramic, and quartz. 
Fiberite insulation is specified 
in the LAR, Bull-Pup, Polaris, 
Minuteman, Nike Zeus and 
many others. 


EXPLORE FIBERITE 


Missile engineers will find our 
research helpful in solving 
problems requiring materials 
for special performance. Write 
factory for bulletinon high tem- 
perature insulation materials. 


, Blast Tubes, 


SALES OFFICES IN 
PRINCIPAL CITIES 
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ei mony 


SAN SIANARDING COUNTY, 
America’s fastest-growing area, 
hub of vastly-diversified recrea- 
tional and cultural facilities, reser- 
voir of skilled manpower. Ready 
for immediate occupancy. Lease 
all or part of these fully- 
developed sites: 
Chino Airport — 100,000 sq. ft. 
of hangars, offices, warehouses, 
plus 300 acres adjoining indus- 
trial land. Cafeteria. Ample 
ramps, 6200-ft. runways. All utili- 
ties in. 4¢ per sq. ft. 
Daggett Airport—75,000 sq. ft. 
hangars with sprinkler system, fire 
dept., and water furn., offices, 
210,000 sq. ft. nose hangars, 
15,000 sq. ft. storage and small 
shop area, all on 1,000 acres. 
Additional 600 acres available. 
280 living units with Olympic 
swimming pool. 6400 ft. lighted 
runways, FAA-INSAC facilities. 
Main line rail spur. 242¢ per sq. ft. 
Write or wire: 

A. B. Groos; Dir. of Industry 

San Bernardino County 


196 West Third Street 
San Bernardino, Calif. 
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“TORQUE WRENCH’ 
MANUAL 


SENT 


Formulas 
Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 
General Principles 
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UPON REQUEST | 


pa|SturtevanT fo. 
ADDISON [QUALITY] 11 LINOIS 
Oprcasotamestamtn tas ams tare) 


ee Industry 


Notes 


Aerospace Log 


July 20—Two Polaris missiles 
make test flights from submerged 
sub 30 miles off Canaveral. Both go 
over 1000 miles down Atlantic Mis- 
sile Range. 


July 25—Pershing shot about 
30 miles from Canaveral. Fired from 
XM-474 tactical field carrier for 
first time. 


July 29—First production model 
Mercury capsule fired from Canav- 
eral on nose of Atlas. Missile ex- 
plodes 65 sec after launching. 


July 29—Advanced model Titan 
fired, lands in ocean about 90 miles 
off Canaveral. Cause believed to be 
a leak in fuel supply line. 


July 31— Third Polaris fired 
over 1000 miles from sub. 


Aug. 1—Navy fires 4th Polaris 
from submerged sub. Missile veers 
off course, blown up 47 sec after 
launch. 


Aug. 2—Hound Dog hits target 
500 miles down Atlantic Missile 
Range after launching from B-52G. 


Aug. 2.—Atlas firing checked 
on pad at Canaveral because of 
trouble in engine cut-off after ig- 
nition. Missile was slated to go 7000 
miles. 


Aug. 3—Polaris fired from un- 
derground tube at Canaveral; goes 
over 1100 miles down Atlantic Mis- 
sile Range. 


Aug. 4—X-15 flies 2150 mph 
—worlds speed record. 


Aug. 9—Atlas fired 7000 miles 
from Canaveral. 


Aug. 10 — Discoverer XIII 
launched. 


Aug. 11—Discoverer’s 300-Ib 
instrument capsule makes success- 
ful re-entry. It is recovered north 
of Hawaiian Islands. 


Aug. 12—Project Echo’s pas- 
sive communications satellite suc- 
cessfully orbited and reflects signals. 


— 
ol 


» NON-DESTRUCTIVE 
_ TESTING... 


Complete facilities for testing 
oducts, materials and components 


and related industrial “hers ee 
operations = 


a 


- @ revolutionary new lubricant 
he D designed for use where: high tempera- 

tures do not permit use ‘of: most meatal 4 
i alloy or dry film lubricants: 22°22 


GENERAL 
AG NAPLA’ E 


TEMPERATURE 
& POSITIONING 
CONTROLS 


AIR VALVES 


ACTUATORS 
GROUND TEST 


EQUIPMENT 


Write for complete data 
or consult the Borber- 
Colman engineering sales 
office nearest you: 
Baltimore, Boston, 

Fort Worth, 

Los Angeles, Montreal, 
New York, Rockford, 
Seattle 


BarRBER-COLMAN COMPANY 
Dept. 1, 14109 Rock Street, Rockford, Illinois 
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for Lease WITH THE DUAL ROLE! 
a Soe Soe MM Soe. i ee 
i. Ulroron Thickness ra 
ee a | 
2@ Magnetic & Penetrant sie 
<= ‘Chemical & Physical Testing —- 
~ ELECTROPLATING: AND 
HARD COATING .. .. 
Cis _CORPORATION. 
| ee | tee 
. BELLEVILLE 9, NEW JERSEY 
— ee : = —— 
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For reliable 
operation of 


GET RID 
of Ferrous Grit 
with 


(ay 


FERROFILTER 


MAGNETIC SEPARATORS 


Airborne hydraulic sys- 
tems are especially sensi- 
tive to ferrous particles 
which may wear off mov- 
ing steel parts and cause 
sticking of valves, pis- 
tons and other finely fit- 
ted components. Remove 
these particles — even in 
microscopic size with 
FERROFILTERS. Made 
for operating at 3000 to 
5000 psi. 


Just One Squeeze with IDEAL’s 
New “Custom Stripmaster”’ 
Removes Teflon” and Other 
Hard-to-Strip Insulations 


To help prevent wire nicking and 
insulation damage, these new IDEAL 
“Custom Stripmasters” are precision 
drilled on watchmaker’s equipment. 


S. G. FRANTZ CO.., Inc. 
379 Kline Ave. at Brunswick Pike 
P. ©. Box 1138 Trenton 6, N. J. 
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Write for 
New Brochure 


With Ideal’s new Custom Stripmasters, a light 
squeeze on the handles strips any wire completely 
clean and bare up to a full % inch. 


To help prevent nicking and scraping of wires, the 
Custom Stripmaster’s matched sets of blades are 


~ Equipped with NOV 
* > AC Motor. 

“< Adjustable stamping 
-= depth. 

a. Foil feed adjustable 
“t and automatic. 

~ Feed adjustment 1° 
to 18” 
Accommodates wire 
size AN-26 thru AN- 
0000, and tubing from 
1/16" to 1-1/2" O. D. 
Heat range from 1000 F. 


- 


. 


rit le MED 


precision drilled on watchmaker’s equipment to the 
exact wire sizes. Counterbored blades ride on cut 
insulation to prevent scratching of stripped wire. 
Jaws grip wire firmly to prevent insulation damage. 
3 models available. Wire sizes from No. 10 to 30. 


* Reg. Trademark of DUPONT 


Cus tom Decrement’ 
Patented, No. 2,523,936 


to 600° F. controlled by 
by thermostat and faleetiaatiatantiatieaaetaniaatedateedion A 
Pores ogee tell | IDEAL INDUSTRIES, Inc. 

plied with automatic cot- off 1390-1 Park Avenue, Sycamore, Ill. 
mechanism, bench mounting “Gentlemen: Please send catalog information on IDEAL’s New ! 
and foot pedal operation. | “Custom Stripmaster.” } 
l Name I 
Company. | 
DGG 0 ann 
ee eae Cee nen Oa ee al 
Circle 27 on Inquiry Card Circle 25 on Inquiry Card 
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FUSED GLASS AND METAL 
MISSILE PARTS CLEANED 
QUICKLY AND WITHOUT 
DAMAGE TO GLASS GLAZE 


with VAPOR BLAST 


liquid Honing 


Vapor Blast Liquid Honing 

process cleans metals fused 

to glass without removing 

glaze or damaging the glass. 
Yet the metal parts are 

thoroughly cleaned, burrs re- 

moved, in shortest possible time. 


Bring or send parts for test 


cleaning. No obligation. 


*Liquid Honing and Vapor 
Blast are trademarks. 
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euusteny Ford Motor Compeny 
PRECISION BALANCING 
with an OLSEN-RAVA TYPE S$ 


High speed dynamic balancing of gyros, rotors etc. 
to within 10 micro-inches (.000010-inch displacement) 
is easy with the Olsen-Rava Type S. Part is driven by a 
belt (as shown) or air at speeds to 36,000 rpm. The 
amount of unbalance is indicated on a meter, while a 
strobe light pin-points the “‘angle” on the rotor. 

Full details are given in Bulletin TT. Write today for your copy. 


Leadership in Testing Since 1880. 


() TINIUS OLSEN 


Testing Machine Co. 
eovarses 2210 Easton Rd. © Willow Grove, Pa. 


MFG. CO. 
3035 WwW. Atkinson Ave 


‘Cirele 48 on Inquiry Card 
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FASTENERS FOR AIRCRAFT AMO MISSILES 
Immediate Delivery—AN— M.S.—6 Digit 
CERTIFIED TO covanwmant SpaciFicaTioNns 
Bolts—Nuts—Rivets—Screws—Studs—tnternal and 
External Wrenching Boits—Dowel and Lock Pins 


Circle 47 on Inquiry Card 


Mercury air parts co., oe. 
9310 West Jefferson Bivd., Culver City, Ca 
Telephone—UPton 0-5923—Teletype—CVR CY siss 
TOUGH SPECIALS 10 DAY DELIVERY 


ANUFACTURERS OF PRECISION HARDWARE 
Circle 49 on Inquiry Card 
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FREE INFORMATION FOR A&M READERS 


Technical Literoture © New Materials and Components 
New Production Equipment * New Electronic Products 


Advertisers’ Products * Advertisers’ Services 


and Employment a tn ies 


CIRCLE THE NUMBERS SHOWN IN THIS 
ISSUE AND MAIL THESE POSTAGE-PAID 


REPLY CARDS FOR MORE INFORMATION ON 
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A. Your Job Function 
.. 1. Management 
..2, Design & Engineering 


3. Production 


. .4. Procurement 


B. Type of Plant er Facility 
.. 1. Airframe 
...2. Propulsion 
..3. Electronic Systems & 


Parts 


..4. Mechanical Systems & 


Parts 
5. Raw & Processed 
Material 


. .6. Engineering & Research 


Services 

. Military & Government 
Facilities 

. Parts & Supplies 

. Plant or Test Equip- 
ment 


. 0. Other 
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Permit No. 23192 
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below which best describes: 
A. Your Job Function 

..1. Management 

..2. Design & Engineering 
....3. Production 

. .4. Procurement 


B. _ of Plant or Facility 
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. Airframe 

. Propulsion 
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Parts 

. Mechanical Systems & 
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BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


RCRAFT & MISSILES 


P. O. Box 8414 
Philadelphia 4, Pa. 


Readers Service Dept. 
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Please check in A & B 
below which best describes: 


A. Your Job Function 
....1. Management 

....2. Design & Engineering 
....3. Production 

... 4. Procurement 


B. Type of Plant or Facility 
.. 1. Airframe 
...2. Propulsion 
..3. Electronic Systems & 
Parts 
....4. Mechanical Systems & 
Parts 
..5. Raw & Processed 
Material 
. .6. Engineering & Research 
Services 
....]. Military & Government 
Facilities 
. Parts & Supplies 
. Plant or Test Equip- 
ment 
. 0. Other 
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a 
low cost 
product 
insurance 


made of tough, 
flexible Polyethylene 


RAREST RGR REPOS 


unaffected 
by most chemicals 


salad 


sigeer pices rama ante I en 


ane Bean 


PROMEAY Soa 


won't chip, 
break, shred 
or collapse 


sizes in numerous. 


‘how in| 


the quickest, slickest protection 
for products in process, transit or 
storage...get a free kit full 
of samples in exchange for the 
coupon below. 


CAPLUGS DIVISION, 
PROTECTIVE CLOSURES CoO., INC. 


2203-3 Elmwood Ave., Buffalo 23, N.Y. 


MAIL a free assortment of Caplugs, 
literature and prices to us, 
without obligation. 


a cinch 
to remove 
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BRUNSWICK OFFERS COMPLETE CAPABILITY FOR AEROSPACE PROJECTS 


“Complete capability” sums up 
Brunswick’s ability to produce re- 
sults at any stage of missile devel- 
opment. From in-house design and 
production to thorough testing, 
Brunswick brings to each new joba 
vast background in successful de- 
velopment of components and pri- 
mary structures. 1. In nose cones 
and radomes, Brunswick designs 
and materials can be tailored to 
meet rigorous new requirements for 
high temperature electrical and ab- 
lative purposes. 2. In wings and fins, 
Brunswick engineering allows new 
plastic structures and antennas 
utilized in combination for more de- 


sign freedom with maximum effi- 
ciency. 3. Missile bodies constructed 
by the Strickland “B” fiber glass 
filament-winding process offer ex- 
ceptional values in weight-strength 
ratios while meeting design require- 
ments for unusual shapes and sizes. 
4. Brunswick rocket motor cases con- 
structed by the Strickland “B” fiber 
glass filament-winding process 
consistently demonstrate superior 
properties, whether large or small. 
Pressure vessels designed by Bruns- 
wick can deliver an S/D ratio as 
high as 2,000,000. 5. Reflectors of 
metal honeycomb or plastic con- 
struction are designed and manu- 


factured to meet close tolerance and 
conform to the highest standards of 
quality and performance. 6. Ground 
radomes are readily available for 
ground support applications. Con- 
structed of solid laminate, honey- 
comb core, or foam, they are stand- 
ard production design at Brunswick. 
From the starting line, or at any 
stage of the development race, 
Brunswick’s complete capability is 
ready to make your ideas work 
faster and better. Call on Bruns- 
wick’s ability to produce results. 
Brunswick Corporation, Defense 
Products Division, 1700 Messler 
Street, Muskegon, Michigan. 


DEFENSE PRODUCTS DIVISION e 1700 MESSLER STREET e« MUSKEGON, MICHIGAN 


Circle 3 on Inquiry Card 


i bape aS we ARE RR 3 STE RRR a Nee, 7 , 4 ¥ : 7 . sig 
a t Poe | a ee - 
) Fa | : 
§ } 4 | 
{ en A é Sa. eee: 
‘§ ees a ¥ 
F f P : : wi 
24 . ‘2ihag iy j : ite 
| y: i Xt” aa 
\ &* ; 7 Ps 6. ree Ble ee * 
Si f @ ( t)\\ i cee 
1% ' 5 Bers Wi i, a ; 
9, > 5 ™ a 
| B MAKES YOUR IDEAS WORK 
ne 


ae 


phew Beeld cane 


Sie eee Gee ead thee at MVE tee ot oe Pee ee ea ee iy 
‘< gate BN fe ete oth ogg Se: +o desl ate, oe 24 Sac ie 
ee A le - I 2 er oe See tC fs cae ee Soa ens Ce Ric reads Ft Pee src ao 
_ a Stee TE ite <p ec re - eee - eee SS iG Aero aes Bore ay By ee ies setae gy are 
% . oon i yiie OL re ae a Fre hae EY «1 gate puters oye: Paes aa a 
seem ie es Cee eee ke SS ce see ., Sear ai AS ean es Ube eeteh yy ere seen 
. . e 3 2 oh eee : el a 4) ae hg ny, Ses RE gr EY, Sa cee ea eee 
; hs ; ’ t 2 22:2 Ore ois ee 2: aa et) 8 Ome Cie So ane, SEED I aE es er ih (pate See 
E F aa iz Soe fee of Eee eee ae J (eae ee tere fee yes iS ae om eee ope eae 8 
: “Riga”. aay (gh Ne ae ne ee ea ‘eee Soe at Si Set Eee i, tens op ee Pain). sk elabeae kort 
. ae ‘ eee ee Keres . gk BAR tlt 2 a a Moai a es) elu c Bee oe . aren ar sg yd eee ee heer os ie 
= i t ee yale Shes ie, . 0 eae ee eae a Ets ae Ee le Se sae, Se i Wale es ne ee 
a nae es ee he oemeee b, Zeer. ey ree ee bs aie teed ec Via os". he eee 
ae eee om a | aes Soe hee Pies ie a ees ee eT zy aa sa 3 athe a Aig oe 
: a hae | eae eee ae oo a aa le Ena! ¥ eT So aemeg? ss coe ee OP Se ag Berd yee 
a SN soil * ee Ae aad Vk ale sa a Liga CE ee ee ees : eee 
aaa 5 ges ee aes. * = abeince ras As ae - 8 Se aa ee Meer ea: es eS 
is eG Beet. Je co. ae 7 7 Ee YAS Te Pe as ae A pe Ee eae hia gee fap te 
: i ie, 2: Scary See: ee met kane si Sea eh doe nS ah Cee te ee EM JSR es rare of ee 8 
ptr. : eee {aie Se ae oe ee | eee eee ee eka ie fa a ee tty eee | J et ae 
. fy is i coe E ee ee <a een, ee oe ee ae ie gti eee = SRE ss co eg aree Ba RS ee eae = toy 
eM ets ae a ee oe eo oe oC ain SR rc irae a hea 42% ots arn e Ts es / 
: = ge Oe ee ee et ed oe a ee 
Bi = - 3 moss. ee: ae eer ee ee ee ae. are ee eae 
— a ae aa on. co re Bice je) ys Sl Y ae eae *: ‘ 
. ay . ae oe oo eet | eee | ] ci) Tee ae e ine Reo SS ze: 
5 oa a : d - ene Ss) ee Oe) ei - atest se See. ne ie : 
Sg eee | ea 7 "ase a cee Bowe Bee a e 
ate aire ne i Rtas res oe 6 a ae Se wee gee camer Hp ae a ee ae 
aeot he os eeenr : oie Beer e i) ee Mes Naas bes moo | Pats 2 Ri ees By 5s are ee 
. | ones = it ¥ PMR aOR, 2 ee SS > “ton: aay bce - 5 Wa Ortega: Oy eee ES . 
=. " f oe d Spb) MR cs a . a . ery a Sage 7 *BAS eee Ce ae ae et Epes. 
; : > ; a Sc os gee Raye Tas alk =<. # be aaa eoyace 2 bk Ae oe pe, 
: se ie en ee pty Shee ae - ipo Pay has Sie ee ae a = Bog 5 
| 25 ae ae a a as Nie olay cs Ree ee ae je ee Eee ie see ee 
| eee a eee ae po ae haa Sa 4 Seti Tee 4 Pe ety a ae “4 oe ae 
= ’ “ , gees ee alee al ie tee gt ee ee oe.) eae oS ee Wl eee eae ee 5) Rock: - 
4 7 4 athe + Dee igierie «AN pet ii Bae =.) ie fa 39 ia | Re ieee xc a Ses ae a ns Se a oe eee as era. ‘s 
ioe Le ‘fe igen tases oe eo ee pe eer irae 1" pat) ae Cage ets EN Pes he cae 
. é iz bs ee Oe Oe ee Te e. cee ice Oe es ae ws, - ‘Ieee ras 37 TEE T ees = areas s va : eas 
em i Yo ao eee ee ae 5 a OunEM CA SSE cof a Sas ee ig Te Page: itty res a ecese — wafg, f- 1 4 he TREE pee er? ye et eee oars 
oc | i eo ‘_ 2 ediag  R e: 1 Si eet. sea oer ot : Onaase: a eer Lit te q we ee 
; a ile OG SAA Tg an al ae ip 2 Pee Od cae ey ops ea Sede Pog ee. Sa Cages 
Eee y Bae op eo ee ee en oy 2 ge ee > Saaeieal ” 4 eS p Hae leo Rony ae a ee oi. pte ae 
sae 13 ee ee fs eee 7 Soe ae ae ae eee eee Ei 
ew Mg retell & gE RR eee ies Pe) ae fi, ee Bs - ge eaee , eee ees 
Le . Tee. * et eee}. Si 6!) ae ened ier : A Oe ot i 
: bs a ee he oe a Soo Le aia eS: iene etd Si. oh ie pe Ae eee 15 ree ee ey: vail | 
| 2 : ? heen Bae gy ke Tee.” ’ teas ema 2 Ste OS mee ae 
Se gen ay = . é Sr Soe a 3 peu eed Tee ae erecete oat i : 
ie a g eo Stee 6 age we | ee Sa : Serene = ee s 
fae : Ce sal ge A eo te eae see ee ae Di Brian cc eee = = . 
A x F ‘ <i i eis ae 3 esas eet Te dag eee eae a2 ope eee omer rae St Bote ad ‘ 
poe rs if ‘ ae 5 aie aries So tageeeg ie a ites, Teena eae ’ eee i oe % ee ee a OE ees 
Gn Eases : i 3 acai eee te a Cea be ee i : sree ee ae Be TAS ak, ces SRS eh : 
ic ieeeeeys at yer” ie ee waa <=" Cane Cee PT ces en ae, a SOM tiger eB Sa ee ae "ee a : 
_ it nae ie : a mk a) fae pee Ea) ont =e eee na peta! i eg ae SS Gee 
Seder 2 on 2 SG gk OG ee ts at PN aa 3247 Brie See ae ee ee oe sas 
Rs : ee) Aas 8: iid Sie Ia 2 pokes eS ones ghee ces bor SERIE Chena 
; meee as ep oe Ch, : eee ee ee es, Oe: Se Sn ee +e oe oii onan 
4 Set an hie rem ta Ne Gis ce pa eaten fine ee ea) es © ao eee a 
; be ee awe ee ei ae. ae Pigg tied eae ae eas oe 
| Ze : A) a mer Ss eee — ee oe ces > RE = Be aie eee 
3 oe ee ee Pea eee Thee sees ce Va CES caer Ey 
: i Sa ioe aeeeleremmes 3 (2 Be on es 7 ae > ae I Pee fc ty eee thts) based we 
awe Fas ap 3 Spe ee, ae os Sa ee Sar ee ie cas a ere, ibe Nees, epee eA 
= TL opel diay hee ai cig beats Se cg ai . CS ae Bad, gee tar ee Rites = wae ee ee Re ee 
= hia eran Seah ibe ae 4 easy = ae. eee ta ST ae Pf notated a. 4 ai iz bee pe sae a oe 
| ies: al 3 ae Bh eRe s ee i ace” ee: aa 
¢ oe es ‘ Pe Sia et me a ead Li =g) # i 5 ee Ae Lee 
eT ne ei | ce | gemma a sates afi. Be ; ar yy - 
:& ie ae 9 ee et eee ae ae ee 
a ae met FM F hs aie ie a ne ie i i. Co 7 ear a. 3 row. ty ge Bs a i oe 
—* a a eee cl a ape CS Gan aie Pia ae Mae? se be See a 
4 Ba: j en ves ie ae eae ae Sevens get Bes © ila a Sty. = tee pee cn 
q : » ee a gS me eo (aa : VERGEN 2 Ae. | + eee Boe |S 
‘ | i ie ae. Sj eee OS eee = Fo} S a ie tae S 
a " eg oe ee Mee Lee Soma aeteege lt eee, te a 
ss fees me : a ee 2 iAgea oe BG ee pons a a! a Se = Pha “~~ 2633, : Fe ohgee ae > fl 
. ve hire Ce eS Se cin intone _ ae epee ae. a Bocop? = Sore or) Bea ee? ae es vie ee 
| a A ae oan ee a a ee cdg ioe hea Be ge 
SD tas ee as i . a ct Tn a ee ay 1S ee ae Uae oe ag are ee et Mae Gy aie. ee os “EE Se ene 
, Fala se i ; peas: See) = ae eae ee epeegs, hae Ware a... lg a 
x ; sci tp eee ae eee 2 a a 4 2 - es ger arene We 3 aS 
= i Sao Sea ee A E Pe teas Be ae a cae ee ae 
. | ae =. oe er " ee a fi ; Se eee | eee 
i , “a Rae) Sp ey at eae ei aa Sl ae, ia hate Be ee he ee A Bae 
a Se Be ihe [2 ee Be Be ee Pane fia es ae 
aie ; Ss aaa ; we * igen Se ee oe Be eicy, i it ian cae Wee eet oe 
Be, ae. >. a ee ee a Mores fe ee Es jen? Ps 
a | ; See ec: a ee t Fae aaa a ish a 
| a SEs ceae ze i (Ae ee cal e ee : Vite is oe . Hh cee chee fae 
oy See ee = 8 ae eee 3S eae e Pact z ses = a ee) ae 
EES a oe 3 eee eo rs , 2 = Sts Res lee eo ae 
ae : # : he ee Ya a ee Lie ge 4 & ais a Et tC, oe 
Sees sh Sarre ee tee “gegen = 1) ae ee ee Es a fuer a SEE? ate. 
ae ee gta or ae 4 es ry oe ae ee ne ae 
. : ee ae ae aa Be! ee ee ae ee aad cet “aa 
~ - Be ee a ee ee - ate ay a Cea oe alate de sae ts 6 es 
| eh ae it Res oe ie ee ae ae Bie. eae a ee) ase pe eae tak 
ee Phy ee eS oe aS ‘si ee PERE eg angie a i Bah So) tee oe a ae: 
a: oe a ee og eee caren lene } Bee: = wee eee ah Pe abe see haere 
a ia 2 oe tee eas a el Pee | =i ae ae “ee Lt ee ee ae Beretiecit 
x ee i . ee ee ee cee ek a: Cae eae pn et San :. bg Ba eee seats 
oe . a oS % eee A A ee ee tat 5 | pee: = Be Gd se - Re ee ee Ben oes 
a ae 3 Le eee ee ee peeay (aa eee Soa rake = ek oie ag ee 
3 sain ee ae a ae Sag. ee Eke a od eae ee ee Teac 
ae . F oo oe ee sae as b, Ree ale. Sica oo ee oe 
: FFs ee ae ae aie Gl x a See ay “ Bae ce ale 
} ~ : : eee ee eee gel ee ha aaa mu ; ae, Soe Eee 
P P 2S i ae ee TEM. ! ane , Sea e | Se 2 ee AR aU ee 
Z Bee ee ae cat ag ‘onaeeae= * te a ees ase cee 
eet. anes 3 oe er Spal tees eee oat : es: eg : a a aes g 
ee eee a . 2 ee ee: ae see ee Rr ee, - Ss ae 
eae rete ee! ac gare Coe geo | ee eS he aes eae oe 2 ee ee eee sent ey ener, 
Fie eer ae ie ier el es: rte cs As pei eet Ae - ae ee es i ee 
Se _ Pe is Per. ee oe Ss em cs Bi | coe epi fom = Erne Dr at ede ee 
ci te ers i #2 aris a i i tl ee : ee & coy to mae 2 Sree): eee Pe ae 
% ‘ (fe ; 4 serene Ogee arr a ee fe eg 3. . cag opie Me MER =o Fong to Ri SA Sr eae 
as 4 as i en, Be a fe Se te VE: eS ee ss ae 3 Age See 5 2 See 
ae k "es ee A ee pig eee i ee age ere aia ae 18 A ge AM tae 
i aor : a ig, ee ae Nae ae Bat 55 a ; peony ee alien pads 
ee E : ee eee ae ae ort e f eevee ake Fa Ons Sa ae 
ee a: aoe + ee Se. se ae <i age ina : cee seen = he Pein Ge bal ean 
SS ge am a es a oe Se ne ada ae yy e. 7 Yee out 3 aS ea 3 tae Cee re 2 ale 4 | 
ee ‘3 a dae See ee fees YE ee hee eee % Sc Sa hieern we Ae et ee a Bice age, amon safe 
ae : ee ( | Ses eee ee apie % ee Pe sae Bre ea Bebe re Ss ae 
ae f eam = ae i mee ar Meg hee 4 epee at Fes fap tee 
ey op ee," v. > a : ce oe Se oe pe. ota Diamine see he rr erie ote 
3 $ ; ea ie. er mo 2S ee : ean Set ‘a CORB ae a 8 
2 ae Se ee ae f ma aS, = dees doe Eee Se, 
Se mne ert eens el Benes 3 pee re a Bie SR ey ee eres hve cote; 
a = : ii ae eee 6). | i ae Dees. 2 aoag weer pS 
“ coe ae : van gees eS. aE Sees. ae ioe We iat Re ne Meng pene ve ee age: ee 
z . < <— ee). ee ig ee i ot Se 7 gk Oe ti Geese Sail eran ae eee 
. = cs cua ee eee fs ee + lees ts eat ena A Te ae ah oat oe ee 2 
Me se eid ‘ Loe i Ore See ee eae > ae 54 = oche © wae aoe. coke nae heen q es BAS fo eae 
. é ; men 2 ene ee ae eee ae er pee Mn BS ce Ng =< 2 pees ee 
soy Re Dyan i Seay ese! Bos ye Rc. }- es. . ene . shee 2 s : eae 
a yee s pe ee Ce ies ce, Be ex a i iS 
~ |. oe = hy ns 4 yee ty Pee ES C Be Spee 
gs a sane Oe aoe: i 1h eee Pe E 7 eee 
ae = cand nr} Sypre Weems sehen? ae Se ae ge ee | See sae 
- Me Pigs i Ser 2 ee nee he vai ie ae Pes eee 
F es fa. oe : Sle Se a a . ae, ae 5 ad ae : 
eas : 2 . ; ie ae nee ae oS ag ore r = “pak Pee ae Pept eb ee 
at : i a eae se ie 2 ae ge Re ee : J = aoe x oe 
ae eS j i ; ae aS a ae Bas = ™ en a ale BA ee . 
Be oa. " : 3 ee, See ee ee 5 Re re : r gue se 3 Peeton -J.an ea = 
3 Fe 3 3 Jee See me ws Be ee en 2 aa aie ee eo had 
“tp eae rer 2 “ee a ra Se i) 4) a es ee Ba ae aes sae Beek ia 39 
me a i = Nae, Fo ee Pos ae Ae ; re Nn ae a eake Sage eee. 
3 s is ane | eS Be t pli eee 4 be ee fs Bot eee oe 
oe ° 4 eR ee. > ne SRN: Ee ae ee 4 ( ee sare ee by a Pe Ses Sed Sate 
. 7 ' he . % ever <3 F, Sto se ene me eee ae Oa ae ce 
. : e 7 See ae — POSec ts: Soca : aa TE Wiese Leet *) eutectic: 2 aS ae ‘eS 
eae E ee a Psi Bl aes Be ees 4 Se ME a ee eas Bi Ae a 7S 
— a ie ee: * 12 Pao hae \ ee feet: eee are ee poe ae tote ae a nies 
Eee : ¥ ap ee : a Was: st em vee Sa ioe i eT Brae s Sicea a ee a cues 
"Pee : i: 52 ei aceite os : in See eS Soo ae ra nel ees OF cece asta aires (ae yee ed Fa rae te fo ee 72 Srey 
ieee 2 z ae Se. rr fe Dies. hick Me = e UT Rigi lite om oe he as 1s oh ae aes es 
| 3 i ye ae ea oS es SAS ec ame eee a St een ce 
i a j jee a : Nae et RG ae: he oa See he ers 4- eae rs Ree ie Sap 58 apes. Fee. YE 
a “ \ : i x 3 i ee eee es ‘ag mame Bae: Sy ae Bie Sy yee sei | waar, . yee Creme ais 0 es -— a es — pees sae 
F ee ca gigas ears ee eae eee TL ee : ety Bae Beets ees a ie ‘s Pee ea ee hc a, ee he 
a = —h iB ee Pe ers ae Bo? 5 AE Aa 7 : es Uae meee fail es Oe ees. Lee Sapam 6 ig x see 
pat may F zs sien ae ae 5 oe <r! 4 ee = ‘Fk es a eae ee tae. i bs i ee ee ie es 
ae : ; ay meee © ee ae enn ae ae Jaga ean. Staeer Oo ce 1p TS ee ge ee a sey 
"Re Be) ae 4 0 ee = Beat. Uae ae eee oe ae a eee ee Ea ee oles toe aes SS i. ae i eee a 
ae Cee ile sy ome oe us Nh ae a ee fe et. “es Seg ee awe fe lt i ee : 
ON ie : pe y : ee ri eee tT pe api spleens aoe ae te ge ease tag mea Waecs: ee ee si 
BS ee r pS Tes ee ee ee ae ea aa? ap Goon as re, ee ee, oe 
; ) # e a | ae ee si ee. Pee cas ep ee ie nme, he otc I ae a 7 
Fe wg : a ie Sea es ees oe * sos State) A> hae ese vie eer ee Bee tere aad 4 
i oy : 4 ae 3 : a i ae oops 5, | aemeee rae at ee he = ees, i A Pe eee pee tia | 
Man 4 ahs io eet : i oe eee ee yt: *, Sige neha pe ae Seo, gs” ann ey you a ae ae ee 
> inh Ta tae g : x a eee ieee» | ae Meese et oh, “a | eee oes. Pee Ge er nmceieen> bi ON se ge ies 
ae ay, Sree : span, x D oe Pe i oa?) ae oe Boat Fa © ie | Sees => ne Ef a aig eee i eee Myers, ites ease a 
= Fa peg 3 ca : ras | | a chen eA Jao Paeeee ° 2S ae Seg a sme a eae ove 
Pes fs 3 uae : ba aE ee : he eee) ees hy ABE SS A ete aeg ba 3 
: ie t. Las ‘4 - = EE eee eet a 44 a Sep eka ies >. ae gee ai a °C ae 7 a ae 
5 see Syne te SO eee eae Ae AS Bea Sh 2 re fees = = NG fae eee el i oe 
3 sae : ep aes e ee, Pee Ste Se ete ee ‘ pe Pe 
ie : 4 eS Sek oe i eee ° Bem Soa = cee, et ae Ps ene os ie ee OS wae ot 
te ae eo hae ee: = Ps © gee eae Tales = Oe a Gan es Ree ig ae fa 
mia 3 ~ atau Logg ee oe ie ts eee eae ea ae aa ge a eae tap ey iat 2 i> eae 0 ie ae 
Ee . : aS 5 eae NS ik a ea rt : 2 eee op eis i er Eee ane es Ey ar eg See.) eae a 
3 . ae ae Ps ee ee i ee ad een Te + Pes ae AE ns ate fe aed Oo! os Meg gmat ite 3 
Ris, Z oo! ere Bok OT rae ye fits are SS toes ce 2 Saal Cont Lee iy acre Nase a Ngo a Saale Gel ne AN ce te eee Se se 
= “Fae ie ee ee aie rn 2 Rec ALES leas ei i Sees FATA (EON ae ee ee AS ae eee ae 
ai By ey ae epee ee Mis; faa. eaew be ere fit oo eee 3 a =, veo: aie eer ear ot =. a es ae 
ne | a .. fw = ie eh te 2 > ee ESA as - ee a Sts see 4 Se wage Nineties) Co ia ig See See Ce Ga 
cee a ae He ge o> TE RS Fl ie: ose oe i yg. 5 eae! Sse Se Serle Laren et ee ¢ 
Lapa ae * : ‘ eo fh ne ae a a veh : CR ae ay ee Barre f at, an te s oe 4 
& 3 | oo e3 es 9 hha “Citas "ean ‘ier a 3 y (te pee epee ey fcr ean 
* ie aa iz ‘ ae Gh aa SAN za har =e Figs ee Bee eS “ates oie Bigs ae eng os emesis. ie eete gee. | ee. eee 
1 ai ja ; puis t 5 ees Sp 7 ee | Np Sea aie iz ee ett veo 3 ee a ee ae: - eee 
% ip “ a eee tah Ber aes ey a ke oe ae a a oe Meg Fig ary a SR BE sy cee hie Peierls Sera 
age Rear pe pete St eee aaa. | a aS Bh ets i eres ‘) ae ie pc ee AeA el hee oa = ag See 
: ae Pe wiles ey Cees 7: aa i, ae pe UNS ess ee eS, ‘iene ee ee o% 
| _ sei +, a ee Bo ve ee Se wey oe Ss a ae G 
7 pee. bE ee eee Bienes ot heey : Saas oa meng Fo Bet i co a a ay so Dee ne ae yf Soa fr 
‘ r = a: | # : Pein: op: | Seam ear <2 ee ee — a Sj Ae i. 243 ee st ae i 
uo , ~ r in ob ee ie Why io me * Sa ey oe el aii. aes Xr rE eo eae ee a ay 
Pt denies b Er R Riis ram. Sa ae wt Pigs Sela eee 7  s he Oe ae 5 = at ar rie a. ae Ste x 
- as : ae mf a ine oe a. tee a =; aoe i a ee 
— = oT ee +h = oe we ee gee 
f Sage - ne sae oa Bl ee, ae ey Aaah oe ape te ee ee Sat; | Sa a Ree oe a 
ts | : ae "Mi: eee te a nes Ta a gare aes | Se at. ee oe 
eae ia Se is 5 = ER aon es Sas ee Nae peers e us ee a ee) ea aS ge fs “ = ae oe 
~ i | = e oe ie a ie ae. ne ca ns ewan Site ae + 
aes i : fi Ee ie Sees el ae me | eee Be Bete 2 he. os ee : ere p 
ay gtene 2 ee Se. ee a aime rea be eee Se = oe a 7a 
ae Brae E iy > i RS eG + See lS ae Je See (eee ss 2s as oe ie ee. ae ea 
: Pe . eat A ed i ee hae og eae <a iT . ) es, Riz ea) eee oe 
| pai. is o ee i. ae “gi! Se aa — ee: ae e jaws. iis PS <4 a ee. a, ae 
3 pee ee as a | iS See ees Sa eel pee i FPN RA 7 Pee” ee a ee: oe. 
i . j ee See eect - 3 eee ea & ie eee 2s eee Pa i es ae Fy a eee oe pe 
m = SEE Gat > Sie ammo yo. Serer Soh PEN a Gee sir we Sy + eee ; Beane td ae peel ce 1s ae 
= Ai te! ae “ ee, Ss are ey ee oe Ed x ane ae arm cee 
ae | SS ee eee es fo Site OUR ett i oe me galt ed ee are at, 
; eee oy eer ol ih jee} Seieener ee ae a ee ee. gees Se noe ae a Soa ep mene Se 
ee . ime : ee a oe ee Z a CT Saige: see i She Mae os are ee perma of eae 
= oS : 2 an ae Sees. een ee aan f= tt aa ee So: ee. Bee pe ic a im, hee cs Sf Rage eo Pan aes, aed 
i - : ae ae é =r de> ae lo Saree ve. ‘ae: Or nig i ad eee oe : it . ae is 
: : ag ; ~ an Ney =i Ea ce iS og nl... Seperee Beets > ae : a a Re i S 
; F = <r a <a ss se ee ee ies our ei ch, a he ay a Be a ae Shee Bee 
oh ee yy ee {ae a er we z eas Pr. ao eral a. See ie. eg 
ie <a "a ; ig ae SS ee ee a i, Pig See Bota Peta ee One wena Cie eee 
rs Shek ere. See SS a ere Si ee eee Co Bee eM eo a 
68 agi ie ‘ Se: Ea ee idle): a ar ric fa ars ee - i es! cy) I: eet eae 
ca pat = at _ eet © a ees Soe Se ee are geie pees cz Mr en = Se te (, Se oe ae 
hes “=. en eT ee : ee the Sie = eed ree re ee Ji ck a eae 
ak: ee | pe: ae ae 2) ee a, a eae Yk GES Beers. pai cue = at. 
= nee eee ye a en ee hc RAT te hi sie 23 Bee <2 o se ms ia. eee = | fee = “(ae aaa 
nA aA pa " E eee a ree ta oo So as Ps a ‘es ee ke eS eae ' Getta a 3 See ae 
iz sh ap ee ; 4 he ee ae re 3 “7 3 Ae tk ae “4 ore ee Dane ae = eet in (oe Se tee C27. eh oa ae 
ie ; : 3 cae ee eee geet see = Mi eaeaitede corsa (Se, SB SN ge on ed em eae ee ae 
er aa r Ae Bes? i a ee sear tye Ry Le ay Si ee aS Sees 
| ee ae es 5 ee ee ee free? Pao ee ee ee 
a Se Pa Pe eee Fi). er a ear ees eae ae ae) a eee tee =: 5 ES ‘i a 1 ae 
en wee ig ; mete. cae vias se ee i eerie Ny: ene tS enn eggs! Pek paske ok Te Sh ey eee 
Sots ic : ae " 2 Sed eh A emer opeet 0" ae + ar ees se eae a = Buk 3 Bey Pe eheetel Pv BS ee os ean oh aes eee Soe 
" Hn = ie ee i ey - igi | ee ie sae oer ce iY a Re ree eee ae ee os 
4 shy : 4 ; = Ber Sid aN i 7 Piers Syke Sa eee Nath iss es a E Se git "alee oe ana 3 ete 
i _ | | g - Agee nay Epes MS ss Ge ey Ls cages irae te eos. Was ae Ai ci i, eee 
: oe : ee tees accel 2h tas Re eet ee hee ary hs 2 aie n ae a seats ah Sa ae 2 8 ne 
eae : “a ite 5h ee eee se Ko ae Garo a Cee ee ie ey aa Se eer fk eee es 
¥ ‘ 5 ; eae ty dan ey pes i tee e's Sf eet Sra SS ae ogee ae ot RAMEE Siarene or |. eS 
sie’. <p a aR 3 Pit ae ee out Be a Pees een ty 1 ee ee ee . ae | - Ss Z 
: |) ae > 33 aa a aeet eee a Seer Te ete! ee 
es ah ee eee ae de ma eae ie: |, eens oot ae | a ea 
a . i * ey eRe y woo ay eh gs ee ae * Ba ows | Ae ee. i gels 3 nie aye pes 
: = Sas en Capt as, Oe ee ee ~ > 4 ni a BA oro ae ie ME) oe Blue 2 fe Nee ee ae 
, 5 oe ie ¥ mer Aa, ee eee ee af a a ey se Wye } ae ia eae Bog tie oe terest Tare a Lah tee nae 
: ; ! —s ae Rocigeoe ele ae tae | Se ones: Cae an a Bre 2 ea Bey ema 4 | Bae’ lg eae hese ace 
5 5 ee ra ee St ae iz ee ae cm See: ye : pee he Pade eh ch eee 
3 a . , * ee os ee aes oa: ie oe SB 4 ee ot ees am ee Te 
5 ey ae | ee ee i. ate | peegemt oa 7 j Baess (ee eee ee 
% . : bs he Ramee Hanes fad Oe ea eeicee Sieg «| dee a & ee ae gS eee St a rs =| Joe cos 
ee es a ay = oo a a ee ge aa MEST Ts GP apie ae eee Re eee 
| ee . By i. — \ e mi pe oe ee ae: Pg Sed a oe Bifc-a9 SE eee core Site ae. ae 
: | . ; pS E oe | ee ‘ ‘Es z Fai ay ne tee Sy SA) ee ee 
ae i Fy " arf mts eed bal ee! eee +e r pom oe ae ee. ene tak 2) ye Bat ree 
va Sst a Fe ‘ Mile: Fae ag oan” US ee. i a ee ae =a ete | = | es Pees Spe aS et as 
a . e ~ ‘sae Beir, Seo "EE RM AEE Re an “# eee ee iy aoe OE Seals 
a : Nps eae econ gee Pee ee Aa | Sepa ees, Eee 4 
; | : : ZA Nie 8 [pa aaa eae ay Pe a ee 
es . Boy oe, (cae Se tt ge i Ee, re pie cc. Y ee 


